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Abstract SR /

Six adaptive iterative algorithms are studied for six elliptic partial
differential equations on six regions compatible with subroutine REGION.
, An effort was made to make the resulting preliminary ITPACK code conform
] to the "ELLPACK Contributor's Guide--Initial Version," CSD TR 208,

- Purdue University, November 1, 1976.
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o Introduction

The initial ITPACK code was conceived to be a package of
Fortran subroutines to solve the large sparse positive definite
linear systems which arise from the five-point finite difference
discretization of a genmeral self-adjoint elliptic partial differen-

tial c¢quation
¢1.1) (aux)x + (cuy)y + fu =g

with Dirichlet boundary conditions on a region compatible with the
REGION subprogram. (For details, see Appendix 3.)
The current ITPACK code contains the following six iterative
algorithms
I. Jacobi Semi~iteration (J-SI)
II. Compressed Jacobi Conjugate Gradient (CJ-CG)
III. Reduced System Semi-iteration (RS-SI)
IV. Reduced System Conjugate Gradient (RS-CG)
V. Symmetric Successive Overrelaxation Semi-itétation
(SSOR~SI)
VI. Symmetric Successive Overrelaxation Conjugate Gradient
(SSOR~SI)

which are developed in the monograph [1l] by Hageman and Young.
These methods will not be motivated in this report; however, detailed
algoritnms are given in Appendix 1.

Future plans for the ITPACK project are many and varied with
the major limiting factor being time for implementation of the code.
Various other iterative algorithms are being considered at this tinme.
These include the Block Jacobi Semi-iterative Method and the Block
Conjugate Gradient Method. Also coding schemes for mixed and Neumann
boundary conditions are being developed. Yet another phase of this
project is the use of various finite differencestencils.

The purpose of the ITPACK project is to develop, study, and
analyze iterative algoirthms for solving elliptic partial differ-

ential equations. The principal activities are centered around

S —




improving those iterative algorithms which involve efficient
stopping tests and effective parameter determination when computing
the numerical solution of the large sparse matrix problems from
elliptic equations whenever finite difference or finite element
procedures are employed.

It is anticipated that the code from the ITPACK project will

aave thce following benefits anmd utilization:

(a) the development of ELLPACK modules which use adaptive
iterative procedures to solve the linear systems

(b) add to existing knowledge of the effectiveness of various
iterative algorithms

(¢) allow comparisons between these iterative schemes and
between iterative and direct methods

(d) the development of quality software as a research and

teaching tool

In Section 2, background material relating (l1.1) and basic
iterative methods is given with the detailed adaptive iterative
algorithms stated in Appendix 1. The overall structure of ITPACK
is outlined in Section 3 with a sample of the code required to
use the current ITPACK. The six test problems and - vst regions
are set-forth in Section 4 with complete details on subroutine
REGION in Appendix 3. Numerical results and figures are given in

Section 5.

2 Icerative Methods

The six iterative algorithms covered by this study are
developed in the monograph [1l] by Hageman and Young. Consequently,
we will not repeat these derivations here. We will, however, pre-
sent some material related to the development of these algorithms
which will aid in the. understanding of the detailed statements of
those procedures given in Appendix 1.

We consider the general self-adjoint elliptic partial differen-

tial equation with Dirfichlet boundary conditions.
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(aux)x + (cuy)y + fu=g , (x,¥)eER

(2.1)
u = q ’ (X,Y) € 9R

Here a,c,f,g,q may be functions of both x and y, and the region
is denocted R with boundary O9R.
Using the central difference discretization at the grid point

associated with (i,j), we have

(au )| =~ {(au ) -~ (au ) W
N g) (444, 3) * (i-%,3)
~ {a [u - u ]h-l
i1+, 4" i+1, ] Al
1 1
TR sl¥es = 0 g 418 T
Hence, we use
(aux)xl(i'j) PR IO R e
-2
T84, g ¥ B4y, ) ugydD
Similarly, we use
(°“y)y'(i_j)“{°i,j+%“i,5+1 T C4,5-5%,5-1
-(c + ¢ Ju }h-z
i:j"';ﬁ i:j';i ij
Here we let u, denote the discrete variable as opposed to the

ij

continuous variable u.
Thaa at (4,)), the melli~adjolat elliptic equuation (2.1) 1is

approxfmated by the lincar cquation
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Equation (2.2) can be illustrated by the following stencils

9 ij
-W. G, . -E..
1] ij id
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From (2.3), we have the following symmetry condition

- Y11 " B,
fag " Ve g

so that only four coefficiermt values need to be stored per grid point.

Hence, we have

“1.3-1%,5-1 7 Beo1,3%-1,1 T Cugyy
(2.4)

= BeaUsnn 3~ Fas%i qen ™ By

and

~Eg-1,3 €13 "By
e(i, i) -—----4-———« - 7,

Sl A

- — - — —
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1,j=1

Since only regular grid points are considered, we have for

the basic linear equation

u (E +

é 13
‘ (2.5)

13%4+1,4 ¥ V3%, 541 F Bien, 311,

+ + Rij)/cij

; Ry 3=1%1,3=1




Using matrix notation, equatioms (2.4) and (2.5) correspond

to

Au =b

and
(2.6) u=Bu-+c

respectively, where D-lA»=I-B and D =diag(Cij). Notice that if

the k-th equation in Au=b corresponds to the grid-point (i,j)
then bk is equal to Rij plus the sum of some terms in (2.2),
with u replaced by q, for boundary-points adjacent to (i,j).
Clearly, A 1is symmetric while B is not. It can be shown that

A 1is positive definite.

When the red-black ordering is used, the basic iterative

system (2.6) assumes the form

where the red grid points (uR) are swept first and then the black
grid points (ug). The number of grid points can be greatly de-

creased by considering the reduced system

C2e by ug = FpFou

B ¥ +(FBc + c_)

B R B

The basic iterative equation for algorithms based on the Jacobi

method is from (2.5)

(n+1)
uij

- ARER D . - Nt iy (n)

(2.8) 13%1+1,3 % M% i-1,3%-1,3 i,5-1%1,3-1 |

(E

% R“)/ci.1




Oor in matrix form

u(n+l)

(n)

(2.9) = Bu + c

For the reduced system, the basic iterative equation would be

(n+l) _ (n+k) (n+35) (n+)5) (n+Y)
i3 (Big®ae1,5 7 Fag®s, 3407 Baoz,g%e-1,3.% Yo, 5-1%5, 901
(2.10) :
+ Rij)/Cij
where
Gty (n) (n) (n) (a)
) Bre¥iel, o ¥ MegB, o1 ¥ Bron,a%e-1,2 * M, 0-1%, 21

R gHE

This corresponds to the following stencil at each regular iterior

I“i,j+2

grid point

Yi-1,3+1 Yi+1,3+1
Yi-2,3 “i42,3
S1a1, 41 Yi+1,3-1

ui’j-z

The basic iterative equation for the resulted system is

(a+l) _ (n)
¢2+11) up FBFRuB + FBCR + ¢

However, it is easier to consider this as two separate iterations.




(n+k) (n)

uR FRuB + cR
(ntl) _ (n+k)

uB = FBUR + cB

First, a sweep of the red grid points would be done which involves

a "weiglhted-average" of the adjacent black grid points with the
results being stored in the red storage locations. This is followed
by a similar sweep of the black grid points using (2.10). The net
result is (2.11) with the black grid-points at iteration n+l and

the red grid points at iteration un+k.

The SSOR-SI and the SSOR-CG method use. for its basic iterative
equation the SSOR scheme with relaxation factor w to accelerate the
rate of convergence. The SSOR procedure involves a forward and
backward sweep of all grid points with the natural ordering. A
symmetric positive definite iteration matrix, éb’ is obtained from
this to-and-fro sweep. The natural ordering is used since the opti-
mum relaxation factor for SSOR with the red-black ordering isw =1,
i.e., there is no advantage in using the SSOR procedure with the red-
black ordering. The basic iterative equations for methods based on
the SSOR method is

“§§+%) - W(Eijugii,j i Niju§?§+l % Ei—l,j“§3:?§ + Ni,j—lui?gﬁi
* R IIC,,+ (1—w)u§?)
ﬁ “§?+1) = w(Eijuii;fz ij“iﬁ?ii i i-l,ju§E;%§ K Ni,j-lugﬁgﬁi
+ R /C, + (L0)u (T
This can be written In matrix form aw




N PN RN ¢

W) L g (P L)

or
(2.12) oSPFR) LT @I LG
w W
where
S T YU
i (F) (B)
K Rk

The six iterative methods investigated in this study apply either
Chebyshev Acceleration (Semi-iteration) or Conjugate Gradient

Acceleration to a basic method of the form

L L
where 9 k
Jacobi ¢ B 5 C
Reduced System : FBFR 5 FBcR-i-cB
e @k (Fy (B)
SSOR i 2 N O Bl * R S

Both the Chebyshev and the Conjugate Gradient Acceleration
procedures for basic methods of this form can be written as
+
g (atl)

pn+1(Yn6(n) win By e - °n+1)“(n_l)

where
60 og,(m) L ()

Here pn+1 and Yn are acceleration parameters which are determined

automatically in the algorithms. As a reference for these methods

and the acceleration algorithms consult Hageman and Young [1].
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Detailed descriptions of the following six adaptive algorithms

are given in Appendix 1.

I. Jacobi Semi-iteration (J-SI)
II. Compressed Jacobi Conjugate Gradient (CJ-CG)
III. Reduced System Semi-iteratiom (RS~SI)
IV. Reduced System Conjugate Gradient (RS-CG)
V. Symmetric Successive Overrelaxation Semi-
Iteration (SSOR-SI)
VI. Symmetric Successive Orerrelaxation Conjugate
Gradient (SSOR-CG)

We should note that procedures based on the SSOR method require
twice as much work per iteration. Also, that the J-CG method re-

quires exactly twice the number of iterations as does the RS-CG

method.




~

3 ITPACK Structure and Use

The ITPACK collection of codes preforms various tasks which
are accomplished in individual modules. The basic modules are (1)
grid definition, (2) generation of the nonzero coefficients of
the linear system, (3) definition of the ordering vector for the
grid points, (4) initialization of the unknown vector, (5) solu-
tion by an iterative method, and (6) output of results.

The grid definition is accomplished by the subroutine REGION.
In its present state, REGION accepts a polygonal parameterization
of the domain of interest. However, this parameterization must
be established using horizontal, vertical, and forty-five degree
lines. Consequently, it is only designed to accept uniform mesh spacing.
It will however allow regions with holes in them. REGION generates
a rectangular grid and defines an integer array GTYPE such that for
each grid point (I,J) the value of GTYPE is either 1,2, or 3 which
indicates either interior, boundary, or exterior grid points,
respectively. REGION also defines arrays GRIDX and GRIDY which
contain the coordinates of the grid points in the x and y direction.
In addition, REGION defines the minimum and maximum x and y values
(AX,BX,AY,BY), the actual number of grid points in each direction
(NGRIDX,NGRIDY), and the total number of grid points (NGRPTS). The
remainder of the ITPACK code needs only the grid information gen-
erated by REGION and not the parameterization. A complete listing
of REGION is given in Appendix 3 along with additional details

on the use of this subroutine.

The next task is that of generating the nonzero coefficients

of the associated linear system. This is accomplished in the
Fortran module FIVEPT which is currently designed to handle only
self-adjoint elliptic operators. Therefore, the linear system is

symmetric and a symmetric storage scheme can be used. These non-

zero coefficients are placed in a four-column array COEF as follows:

COEF(IJ,1)
COEF (IJ,2)
COEF (1J,3)
COEF(IJM1,2)

center coefficient at (I,J)

north coefficient at (I,J)

east coefficient at (I,J)

south coefficient at (I,J)
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COEF (IM1J,3) west coefficient at (I,J)

COEF(I1J,4) = right-hand side at (I,J)
where

EJ = T + (J-1)*NGRIDX

ITIMY = T + (J-2)*%NGRIDX

IM1J = (I-1) + (J-1)*NGRIDX

The basic iterative equation then becomes

U(IJ) = (COEF(IJ,3)*U(IP1J) + COEF(IJ,2)*U(IJP1l)
+ COEF(IM1J,3)*U(IM1J) + COEF(IJM1,2)*U(IJM1)
+ COEF(IJ,4))/COEF(1J,1)

where
IP1iJ = (I+1) + (J-1)*NGRIDX
EJPLl = 1 + J*NGRDIX

FIVEPT requires the subroutine PDE which is user supplied or
generated by the ELLPACK control program. PDE computes the coeffi-
cients of the self-adjoint elliptic operator at the point (x,y).

A sample of the use of PDE is given in Appendix 2.

To allow extensions to three-dimensional problems, a one-
dimensional array is used for the unknown vector with the elements
ordered so that a linear sweep through this array is the same as
proceedcing through the grid points with the natural ordering. At
present, four orderings have been coded and tested, namely, the
natural ordering (NATORD), the red-black ordering (RBORD), the
diagonal ordering (DIAGORD), and the spiral ordering (SPIRORD).
Each of these subroutines defines the arrays NDXEQ and INVNDX.
NDXEQ is defined in such a way that J = NDXEQ(I) means that the I-th

e et b

point that is swept is actually the J-th point in the natural
ordering. INVNDX is the inverse index array defined such that
INVNDX(NDXEQ(I)) =I. This convention is outlined in [5] . These

arrays enable the same code to use any ordering specified. It is

& e SNy e e ax angy
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interesting to note that for efficiency in production software one
might want to write code so that the ordering was encoded into the
iterative algorithm; however, this would not allow any versatility.

The next ITPACK task is to initialize the unknown vector in
the subroutine INTUNK which uses the user supplied (or ELLPACK
generated) routines APXUNK and BCOND. The subroutine APXUNK com-
putes the initial approximation (or guess) for the unknown (or
solucion) vector. When no information is available the value of
zero is taken for the initial guess. The subroutine BCOND computes
the values of the boundary grid points. Subroutine INTUNK sets
the elements of the array UNKNWN, which corresponds to interior
grid points, to the values supplied by subroutine APXUNK. Other
elements which correspond to boundary grid points are set to values
supplied by BCOND while exterior grid points are set to zero.

Certain input data besides the parameterization information
for REGION and the subroutines PDE APXUNK and BCOND must be

supplied. The following is a list of all the necessary input data:

LEVEL Controls output of REGION

NGRDXD Maximum number of grid points in the x direction.
Also the first dimension of GTYPE, and dimension
of GRIDX.

NGRDYD Maximum number of grid points in the y direction.
Also the second dimension of GTYPE and dimension
of GRIDY.

MXNCOE Set equal to 4 for five-point stencil. Later
a value of 6 will indicate a nine-point stencil.

MXNEQ Dimension of UNKNWN and first dimension of COEF.
Commonly taken to be NGRDXD*NGRDYD.

ITMAX Upper bound on number of iterations the user
will allow the method to take tefore convergence.
If ITMAX is reached, the methcl will stop and
exit naturally. Note that the stopping criteria
may not be satisfied.

6

ZETA Tolerance level in stopping test (usually 20 s

EPSI Tolerance level in root solving and checks in

division by zero .(usually 10-6).

=
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CME Initial guess of largest eigenvalue of the
iteration matrix. If no information is
known, CME =0.0 is acceptable.
SME Initial guess of smallest eigenvalue of the

iteration matrix. If no information is known

0.0 if CASE = FALSE
then set SME =
-1.0if CASE = TRUE

CASE A logical variable to indicate whichcase of
the adaptive procedure is used.

F A factor used in the adaptive procedure
(usually F=.75).

A workspace area must be supplied in blank common. The size
of this workspace varies for each method and the variable MXNEQ.
The workspace is used in various capacities, but is primarily
needed for the auxillary storage utilized in the iterative algorithms.
At present, the workspace array WORKSP must be dimensioned as

follows for each iterative method:

Minimum Value of Dimension for

Method WORKSP
J-S1 3*MXNEQ
CJ-CG 3*MXNEQ + 200
RS-SI 2*MXNEQ
RS-CG 4*MNXEQ + 200
SSOR-SI 5*MXNEQ
SSOR-CG 6*MXNEQ + 200
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Test Problems and Regions

In order to test the code written to date for ITPACK, six
t partial differential equations with known solutions and six

ion: were selected. The test cases were designed so that the

benavicr of the six iterative algorithms could be monitored.

of

For

Fur

Tlie test equations cover a wide range of self-adjoint operacors

the form
L(u) = £
each of the test problems, wu 1is known over a region R.
chermore, on the boundary of R, the function wu 1is set to the

true solution of the problem. For each iterative method, the

initial approximation for wu on the iterior of R was selected

to be identially zero. 2 2
In the following equations, Vz- = 32 . + 32 « and
3 3 9x oy
Vv ™ — g o
9x dy °
The test problems are as follows:
(1) Vig=t
where
f =6xyeX+y(xy+x+y-3)
x+y Ar
Voiug = IXY0 (x=1) (y=1)
Xy =Xy - . o
(2) (e™u ) + (e uy)y u/ (l+x+y) £
where

f = n{x sin(wx) cos(my) + 3ye2xy cos(mx) sin(nry)}

2

+ sin(mx) sin(wy){(Zyz-wz)e2xy -7 '-exy/(1+x+y)}

- Xy
Seeua e"?’gin(my) sin(mwx).

e s S o e




(3) Vo[(1+sin(-12[(x+y)Vu] = f
where

£ = 8[1+sin(y (x+y))]

s lsin( 3 eyl -2+ v - PP

1,2 -1,2 T xi
v 2[(x-2) + (y 2) 1/[1 + sin( 2(x y))1.
(4) V=t
where
f = 8(x2+y2-x-y)
A e bxy(x-1) (y-1)
2
(5) Vu - 100u = £
where

f = 300 cosh(20y)/cosh(20)

Posub T cosh(10x)/cosh(10) + cosh(20y)/cosh(20).

(6) (A(X)“x)x + (C(y)uy) =f
where

{f2+x)ex-n2(1+y)sin(ny)-+ cos(my), x,yel0,%]
£ =

(1-x)e* - 12 (2-y)sin(ny) - cos(ny), x,ye(%,1]

X
g e” +sin(my)

and where

16
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1+x, x€[0,%]
2-x, xe(%’l]

A(x) =

1+y , ye(0,%]

§ 6l 2-y , ye(k,1)

The six test regions selected are as follows.

(1) (2)

*

He
v

TR

P—'#
4

0 X X
(3) (4)

y H ylr

1 1

SECSVENPPS



(5)
4

dots

(1)
(2)

(3)
(4)

(5)

(6)

REGION is given in Appendix 3 for each of these regions.

b
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(6) |

T

For each of the six test regions, the vertices indicated by

are as follows:

(0,0) (1,0) (1,1) €0,1)

(0,0) (1,00 (1,1) (.8,1) (.8,.8) (.6,:6) (.4&,.6) (.2,.8)

Le2:3) 0517

€0, 0) €10y €1, 46) (.6,4) (. 4,.6) W.4,1) (0,1)

contour 1 - (0,0) (1,0) (.5,.5) (.5,1) (0,1)

contour 2 = (+2,+2) (.2,-8) (:Ge.4) (4:2)

(«2,0) €.6,0) €C13.8) (1,.6) €.6,1) R.6,1.2) (. 2,1.2)7"(Q,1)
(0,.8) (.2,.6) (0,.4) (0,.2)

conitour 1 = €.6,0) €Ll;o4) (1. 7Y (i) (75+9) (85:9) " 45.6)
(0,.6)

contenr 2 = €.81.3) (c4:09) C.A45,.5) («45,.35) (.5,.35)

CoSs o 5 )0-CeSSgna) (0554430

contour I = (ul5+3) (o?yeb5) (.65,.45) (.6545:83) CiB,:5) (.8B,.45)
(+75,.45) (.75,:3)

The identification grid array GTYPE generated by subroutine




5. Numerical Results

In this section we will discuss the results of numerical

test runs with the ITPACK code. The first set of test runs

were on the unit square with h=1/40. This was done to compare

the results of the six iterative methods on a common region over
a variety of problems. All six methods were run on the six test

equations described in Section 4 with the following initial data:

F « 75 CME
EPSI .000001, SME

ZETA = .000001, CASE = .FALSE.

The red/black ordering was used with J-SI, RS-SI, RS-CG, and CJ-CG.
The natural ordering was used with SSOR-SI and SSOR-CG. All runs
were made on a CDC 6600 with the MNF compiler and UT2D operating
system.

For the second set of test cases we considered the elliptic
operator described as test equation (2) in Section 4. Each itera-
tive method was used with the five test regions described in
Section 4 with h=1/20. All input data, initial conditions, etc.
used were the same as those selected in the first set of test cases.

The following tables represent these runs and give the resulting

data for comparison. Each block of the tables has the form
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A = Number of iterations until convergence

Ben “utrue'-ucomputed“D% /“utrquD%
(
For J-SI, RS-SI, SSOR~SI, SSOR-CG, a list of
1 iterations numbers where paramcters were changad
C =

For CJ-CG and RS~-CG, the iteration number where

a new estimate of CME was last calculated

\

D = Last estimate of CME.

For further comparison of the iterative methods, contour
plots of error distributions between computed and true solutions
were génerated. All of these test cases used the self-adjoint
operator described as problem (4) on the unit square with h=1/20.
Problem (4) was used so there would be no discretization error
from the five point difference equations. The contour plots are

of the function z(x,y) defined as

x50 » Iutrue(x’Y) -ucomputed(x’y)l g
SCALE
where
e xutrue<x’y)'-ucomputed(x’Y>!'

X,y

Figures 1 thru 4 are the error distributions at convergences
of SSOR-SI, SSOR~CG, RS-SI, and RS-CG respectively. Figures 5 and
6 show the error distribution of RS-CG after five and ten itera-
tions, respectively. The scaling factor, SCALE, which is the max-

imum pointwise absolute error is given for each case.

fanisy




0%/T =4 YyarM aienbg 3yun 243 12A0 sudTqoid 3IS3L

‘T °Tq®yL

887€966 §8E1966° SYLTL66 T1LEL66" IYLTL66" gorcLe6° || |

8se‘1‘0 L*%°Z0 8T 8E LT ZT 8 S ‘E‘T 0 9€ E6°9£°9Z°8T°Z1‘8°S‘Z 0 9)
,-0T X 182£0°6 |T€ I €52£0°6 |T% ,-0T X 282L0°6 | €S ,-0TX52080°6 | /21 ,-01%282L0°6 [901 ,-01%00280°6 | 162
7519786 6852626° 8905186 ST6C186° 5905186 161086

A Ty z°0 lz LTHT 8 S E°T 0 Cws | wetsztsTietszi0 || (©)
[ oTx8%959°6 9T ¢ OTX 7€959°6 [61 OTX§7959°6 | L€ (0Tx5t959°6] 67 | __orx8r959°6] v (0T %90959°6[ 86
60.1566° 6102566 £008966° TT16966° 6661966° 018£966°

S —— ) vz 12°5'2°0 91 61°9°c°0 || (1)
) llw-ow.m otoz-Lfsz | g-0T X L868Y"Y | TE g-OT X TZ8ET"Z | 82 ,-0T%9989T°8 | £OT g-OT X TZ8ET"Z| 95 40T X Z9080°T | 822
e eevIo66° G1£2166 8590166 ° 7LETL66° 2912166°

[ T e e i ) 8020 TR | wisrEresete 70 |g6°8e Lz LT TT L0 || (©)
fizicey .Nm: X £50€€°2 | € ,_OTX STOEE"Z | 8¢ , 0% cs0eez | 9% p-OT X SWZTET | LET ,-0T X €50€€°2| 26 , 0T X0102€°Z | €42
6925566 9925966 £509966° ¥6£L966° $509966° 2918966°

rASAS 4] %0 01 L1920 0z gezezgco || (@
= ;\U..m,mwmmwmo.«ﬁmu , 0T ooo.a.L € , 0% mmog.qﬁmm 18290°% | TIT ,-OT X €E070°y | 8TT ,-0TX96620°Y | 8YZ
$129566° TZ1%566° 8€69966° $006966° 7919966 ° LES1966"

ET°€‘T 0 1 Y1 YEHT 89 2 0 (74 zev19‘zeo || (D
y-OT X 62ETT €[ 82 y-OT X CEBETT E [ OE p-OT X LZETT'E] 0§ =0T ¥ SOTET"E | ¥IT 50T X LZEZT €| 00T 0T X ¥8EET'E | 8EZ

90-¥0sS

IS-40SS

90-S¥

Is-sy¥

A lOD O E

1e

i




*0Z/T=4 Y3ITM () waTqoaq 383l *Z o[qe]

1158558 " €£08568" 162€606° %01LL806° L61€606° 918906 || | 1
€10 ‘0 0T 6°€°‘T 0 0z 1s‘zo || (9)
; , 0T X 681500°Z |01 ,-0TX9TE00°Z | 2T ,-0TX 6v500°Z | 6T ,-0T X 7220072 | T2 ,-01 % 67500°Z | 0€ ,OTX€1866°T Ty
V6T0CL6" 0CT1676° €099286 8672286 €099286 Z1vs286° %
: vz 1% Z°1°0 11 0T‘9‘v ez 10 [44 9z yror 8 9 zo || (%)
¢ OTX€9960°T |81 ¢-0TXTS960°T| 02 ¢-0TX79960°T | OF ¢-OT X 908SCO°T | TS ¢-0TX29960°T | 09 01X ¥SS60°T| L6
01078€6° S0072€6° 6852L56° THETLSE” 6857(56° 602956 " !
e e 9‘¢“1‘D ‘0 11 TR R 44 91‘6°s*‘z 0 || (W)
cloa X 9€8%0°T |41 qnoH XGIS%0 T | 9T .\loa X GI8%0°T | 02 e..oa X [0TY0°T1 | 2¢€ .\..oﬁ X9T8%0°1 | 0% a..oﬁ X 68Z%0°T| 29
LLTY656° SSTT0L6" 9£860L6 " €9201L6° 8£860L6° £8060L6" 5
M fria 9210 1z T ez 10 (44 ezt v zo || ()
3 ,-0T X 90£29°€ Sf st , 01X 82n29°€[ T2 ,-0TXSEET9E [ ST 0T X 6€L19°€ | Ty ,-OT X 9€€T9°€ | 0S , 0T X 77919°¢| 9¢
3 LT810L6" T2E%8L6" [T8T6L6" 7602616 ° €C8T616° €ELLBLE"
9€° 10 1°2°0 11 €z°g‘s‘e*z 10 44 gLy 20 Y|
! ,-0TX6£28%°8 LT ,-0TX8228Y°8/ z2Z ,-0TX 86788 | 9T 0T X 0T92%°8 | 9Y -0T X L678Y°8 | Z¢ y-01XZ9SLy°8| 06
¥152646° 900086 ° €502.86° £667986° 6%02.86° T0L8T.86"
10 0 8 Lz°0 91 86°0T°c“0 || (D)
¢-O0TXS89T9"T o1 ¢-OTX€99T9°T (22 M-SMMGS.H 6T ¢-OTX L6STO T | LS ¢-0TXS89T9'T| 8S ¢-0TX965T9°T | 02T
o
o
1 90-¥0SS 1S-¥0SS 90-5Y 1S-SY¥ 90-r2 1s-r W
“
: ez
H




ey rwvv,-w e

Y-BX1S

Figure 1.

-03

]

J

-0

23

r—,
‘_

SSOR-SI method crror distribution at convergence
(SCALE = 7.529572 x 10™%)




24

|
i
|
|
|
M
i

SSOR-CG method error distribution at convergence

(SCALE = 1.583368 x 10"y

e T T ———

Figure 2.




25

D.40

RS-SI method error distribution at convergence

(SCALE = 2163014 x 10~ ')

HX 1%

A-

Figure 3.




26

0.54

0.60

;“m (* ?‘%
30 / \\\f{ ‘
21 = \(\ /LJ 2 a2
| " f/@ WOy oS
5 \¥v/§x\///vt‘\ //V,’K\ )‘ r—/
3_{ e ,-_~;___
00 il .40 g.',, 1.0G

X-F-'.)('L‘b

Figure 4. RS-CG method error distribution after 5 iterations
(SCALE = 3.792600 x 10™°)




1R
i

27

Figure 5.

RS-CG method error distribution after 5 iterations
(SCALE = 3.792600 x 10 °)
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Description of Adaptive Procedures

(Equations, Flow Chart, and Algorithm)

Precise descriptions of the following six adaptive iterative
algorithms are stated in this appendix.

I. Jacobi Semi-iteration (J-SI)

I1. Compressed Jacobi Conjugate Gradient (CJ-CG)

III. Reduced System Semi-iteration (RS-SI)

IV. Reduced System Conjugate Gradient (RS-CG)

V. Symmetric Successive Overrelaxation Semi-iteration
(SSOR-~SI)

VI. Symmetric Successive Overrelaxation Conjugate Gradient
(SSOR~CG)

For each method, a list of equations, a flow chart, and an algorithmic
description is given. The latter description details exactly the
adaptive procedure used in the ITPACK code. The mathematical deriva-

tion for each of these methods can be found in Hageman and Young [1].




I.

(1)

&)

3

(4)

®)

J-SI: Jacobi Semi-iterative Equations

Adaptive Parameters

vy= 2f (2-ME-mE), oy = (ME-mE)/(E-ME-mE),

r = (1- [(1-021%)/(1 + [(1-021%)

Acceleration Parameters

1/[1-05/2], n = s+l

n+l 5
1/[1-(UE/2) pn], n > s+l

Residual Vector

Yg(n)+(1‘Y)5(n-1), n = s+l

L
B*u(n)-+c-u(n), n > s+l
Iteration Vector
u(s+1) = ya(s) + u(s), n=-s
WD e a5 8D
Stopping Test

T
dm = 8™ xpxs®

T
STEST = [1/(1-Mp) ] [d(@) /(™ v Y11/

If STEST < ¢, then exit.




J-S1 (Continued
2

%‘ 6. Changing Parameter Test i

QA - [d(m)/d(s) ]

b QT - 2r(n-sx) /2/(1+r(n-s)) F

If QA > Q'I‘F, then change parameters. |

, 7. Rayleigh Quotient Vector
: S @, @ i

g(n+l) _ B*ﬁ:(nﬂ) e ﬁ(n+1)
8. Computing new ME and m
z = 1er™ )@ + a%r13y/2 J
Lt z1/(n-s)
o = X+r/X)/(1+1)
I ME, ifn=20
M1 =
[ME+mE+c(2-ME-mE) 1/2, otherwise
'z
l (6™ “xps¥ @Dy 140y ; 1E case T b
M, = <
€ GO 8@ Dy gy if case IT '
\

] ME - maX(Ml’Me}

not changed, if case I

ME z -ME , if case II




'\

Parameter es .
Test (6)

“no

Compute '
Acceleration

Parameters (2)

v
Compute %
Iteration i
Vector (4) i

Flow Chart 1:

|
'S

Compute Rayleigh !
Quotient Vector
e (.78 il

o Sl

Compute New :
!and m, (8 " f

i ._‘P~_._,___._J

AR
Compute Adaptive }

Parameters (1)

J-SI Method
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J-S8I: Jacobi Semi-iterative Algorithm

Input u(o) » CME, SME,F,EPSI,ZETA,CASE, ITMAX,LEVEL

Set N:=0,S:=0
Compute CNRM:=c *D%c, where c=D lp

If CNRM <EPSI, then go to
If N> ITMAX, then go to

If N#S+1, then compute 5(n)=B*u(n)+c—u(n)
else compute § ™) =camma-8 (™) 4 (1-camma).s(@-1)

Cest for stopping) T

Compute UNRM:=u(n) *D*u(n)

T
DELNRM: =5 () xpxs(n)

If UNRM <CNRM/2, then set UNRM:=CNRM/2
1
Compute STEST:=(DELNRM/UNRM) 2/ (1-CME)

1 If STEST < ZETA, then go to [EXIT

(Test for changing parameters)

Tf N=0, then go to@l

Compute QA:=(DELNRM/DELSRM)L§, P:=N-S,
qQr:=2rY/2/ (14&%)

If QA ZQTF, then go to |[CHANGE

(Preform iteration with current parameters)
If N=S+1, then compute RHO:=1.0/(1-SIGEZ/2)
else compute RHO:=1.0/(1-RHO-SIGEZ2/4)

Compute C1:=RHO.GAMMA,C2:RHO,C3=1-RHO,

u(n+l)=Cl' G(n)+C2°u(n)+C3-u(n_1)

Go to IENDIT]
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J-SI (continued)

CHANGE| (Change parameters)

(ENDIT]

IEXITI

Compute ;(n+l)=u(n)+6(n)

3(“+1)=B*6("+1)+c-6(“+1)
If N=0, then set ZMl:=CME,
else compute Z:=(1+RP)(QA+(QA
X:=leP
SIG:=(X+R/X)/ (14R)
ZM1:=CME+SME+S1G+: (2-CME-SME) ) /2

2_qr2)%y /2,

(0) T 4y xz (n+1)
If CASE=.TRUE., then compute ZM2:=§ *D*¢§ /DELNRM

! T
else compute ZM2:=6(n+1)

#p*3 (™*1) ) per NRM
Set CME:=max{2ZM1,2ZM2}

I1f CASE=.FALSE., then set SME:=-CME

Compute SIGE:=(CME-SME)/ (2-CME-SME)

GAMMA:=2/ (2-CME-SME)

k4 k-

R:=(1-(1—SIGE2) )/(1+(1+SIGE2) )
Set S:=N
DELSRM:=DELNRM
RHO:=1
Print N,ZM1,ZM2,CME
compute u{®F1)ogamma.§ (™) 4y (@)

(End of iteration step)
1
Print N,UNRMﬁ,STEST,QA,QTF,CME,RHO,GAMMA

Set N:=N+1

Go to |START

(Exit iteration algorithm)

T
Compute UNRM:=u(n) *D*u(n)

Print N,UNRM%
(n)

If LEVEL > 2, print u

Tk




II. CJ-CG: Compressed Conjugate Gradient Equations

eY)

Residual Vector (non-recursive computation)

(n) (n)
uR = FRuB + cR
(n) (n) _ .(n)
b =Rl T e =g

(2) Acceleration Parameters

©0) "
FRSB A n="0
(n+l)
SR =

-1
pn+1FR51§n) & (l-pn+1) Sl((n )’ % >0

T
(n) (n)
dp(@)= 8p " *Dp*dp

T

2

Y[t - /o) (@@ /d (-1)], n >0
Y- /ey, (@ (41 /4 @)
= (ppipfey) (t=p ) (1-p)
o (pn+2°n+1/")

(3) Iteration Vector

) () i
G QBB tugt o, n=20
u =
s 6{95§n) + ulgn)} + (1'5)‘4](;1-2), n>0

(4) Residual Vector (recursive computation)

n+1)

(n+2) i (
5B g °n+2FB*°R

"oy 8




CJ-CG (continued) 37

(5) Stopping Test
(a) Compute }% which is the largest eigenvalue of the symmetric mnxn tri-

diagonal matrix (1 < i < n)

o Y
(pi 1 ) 0 (°i+1 1 ) ]
2 3
Pi-1Ps PiPi 41

1/2

(b) STEST - i./é'/ (1-@] [dB(n)/(uB(n)T*DB*u(n))]

If STEST < d, then exit.

(new) i

Note: If IME Méold) l/ME(new) < €, then an acceptable estimate

of ME has been obtained and computation 5a is omitted.
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e A
|Compute Residual |
Vector |

i
i

' (Non-recursively) |

L A0

(e

e e o v

Sl ol L (n)
Compute Accelera-
tion Parameters

(2

e N
(&ompute Itera-

tion Vector (3) y;“.t ‘>
{ Exi

Compute Residual

Vector (Recur-

’sively) P
“)

e B S 2t g oo

Flow Chart 2: CJ-CG Method
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CJ-CG: Compressed Jacobi Conjugate Gradient Algorithm

Input u(o),EPSI,ZETA,ITMAX,LEVEL

Set N:=0
T
ek kD _*
Compute CNRM: kB DB kB

If CNRM < EPSI, then go to|EXIT

If N>ITMAX, then go to [EXIT]
If N<4, then go to

If |CME - CMOLD|/CME < EPSI, then go to [TWO]

(Determine new CME)
Set CMOLD:=CME
If N=0, then set CME:=0

Else set CME:=maximum eigenvalue of the tri-diagonal matrix

s
{ [(RHO -1)/(RHO,RHO, ,)]7,0

for 1 £isSN

(Test for stopping) T

e WY o L )
Compute UNRM: up *DB up

(N)

i R SK)
DELNRM: = §; 5

* *
Dy §
If UNRM < CNRM, then set UNRM:=CNRM

L
Compute STEST:=(2 -DELNRM/UNRM)Z/(I—CMEZ)
If STEST < ZETA, then go toIEXITl

If N=0, then set RH0N+1:=1

else compute RHO '=1/(l—DELNRM/(DELSRM-RHON))

N+1°
Set C1l:=RHO Cl:=1-RHO

N+1° N+1

(N)
4 = *
Compute: VR FRuB

(N+1)_ 2 . s (N-1)
6R =C1l vK+C2 GR

T
+
Compute DELSRM:=6§N+1) *DR*GéN 2

RHO t=1/(1-DELSRM/ (DELNRM:RHO

N+2 ))

N+1

1
s
. [(RH01+1—1)/(RH01+1RHOi)] 5

e e A e i il e Gt e e i
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CJ-CG (continued)
If N=0, then set RHOHAT:=1,
else compute RHOHAT:=1+RHON+2(1-RH0N+1)'(l—RHON)/RHON
Compute GAMMA:=RH0N+2-RH0N+1/RHOHAT
Set Cl:=RHOHAT-GAMMA,C2:=RHOHAT,C3:=1-RHOHAT
(N+2) .. <(N) (N) (N-2)
Compute ug =C1 GB +C 2 ug +C3 up
} i (N+1)
w Compute vB-FBGR
, Set C1:=RH0N+2, C2:=1-RH0N+2

(R+2) ... e (W)
Compute GB =€ 1 %;CZ GB

1
Print N,UNRM?Z,STEST,CME,RHO,GAMMA
Set N=N+2

Go to |START
N
EXIT Compute uéN)=F§ué )+CR

T
L

UNRM: = (N)

Print N,UNRMli
IF LEVEL > 2, then print u(N)

*D*u




III.

¢Y)

@

3

C))

)

RS-SI: Reduced System Semi-iterative Equations

Adaptive Parameters

e 2/(2—M§), o - Msl (a-Mi),
r={1- [I-MSI%}/(h[l-Mg]%}
Acceleration Parameters
2
1/ [l-O'E/2] 4 n = s+l
pn+1 ki

1/[1- (GE/E) 2o_ﬂ], n > s+l

Residual Vector

ul({n) FRul(;l) + cR

(n) _ (n) - (o)
SB = FBuR + cB uB

Iteration Vector

u;s+1) 0 Yal(:) L u}(;;)
(n+1) (n) (n) (n-1)
ug = pn+1{y53 + ug i (1-°n+1)uB :
Stopping Test
T
(n) (n)
L .
1/2

STEST - [ V2 /(1-M§) ] [dB(n)/(uB(n)T*DB*uB(n)l

If STEST < ¢, then exit.

n > s+l

41




RS-SI (continued)

(6) Changing Parameters Test

/2

1
QA = [d (m)/d (s)]

1}

2(n-s)

of = 2% ja1er )

If QA > QTF, then change parameters.

(7) Computing new M.E

2(n-s) 1/2

Z = (l+r )y{QA + [QA2-QT2] }/2
2 y le (2(n-8))
o = (X+r/X) /(1+x)
ME’ ifn =0
M]. =
g, otherwise
(n) (n)
SR = FR*SB

T
oY (n)
dR(n) = B *DR*SR 5

R

1/2
My = [dgm/d @)
My = max(ME,Ml,Ma}

42




‘ Start )

n =

s oo
[T |

0
0

Compute Residual
Vector (3)

B
Changing

yes

Stopping
Test \\ o
: ) /
no Exit

43

Input
(n)

M., F,et

E’

Parameters
Test (6)
no

Compute Accelera-
tion Parameters

(2

Compute Iterative
Vector (4)

2. Nl

Compute Newl

7 [
O

-

N :=N+1

Flow Chart 3: RS-SI Method




RS-SI: Reduced System Semi-iteration Algorithms

Input u(o)

»CME,F,EPSI,ZETA, ITMAX
Set N:=0,S:=0

Compute CNRM:=kT*

*
BDB kB

If CNRM < EPSI, then go to |EXIT
IF N > ITMAX, go to |EXIT

N _ -, (M
Compute up —FR up +cR
(N _ . (N) (N)
GB —-FB up +cB--uB
(Test for stopping)
Compute UNRM'=u(N)T*D xy (N)
T A B B

t
=g (M) (N)
DELNRM:=8 7" #D *&_

If UNRM < CNRM, then set UNRM:=CNRM
Compute STEST:=(2-DELNRM/UNRM)%/(l—CMEz)

If STEST < ZETA, then go to |EXIT

(Test for changing parameters)

If N=0, then go to

Compute QA:=(DELNRM/DELSRM)%, P:=N-S,
QT:=2-RP/(1+R2P)

If QA2QTY, then go to[CHANGE

(Perform iteration with current parameters)
If P=1, then compute RHO:=1/(1-SIGE2/2),
else compute RHO:=1/(1-RHO'SIGE2/4)

Set Cl:=RHO*GAMMA,C2:RHO,C3:=1-RHO
(N+1) .y . 2 (N) L (N) .., (N=-1)
ug c1l GB +C2 ug +C3 ug

Compute

6o to[enprr]

44




ENDIT

EXI

RS-SI (continued)

(Change parameters)
If N=0, then set ZM1:=CME,
else compute Z:-(1+R2P)(QA+(QA2—QT2)%)/2
x:_zl/(ZP)
ZM1 :=(X+R/X)/ (1+R)
(N)
c=F%
vR FRSB
ZM2:=(VT*D *v/DELNRM)%
R "R R

Compute CME:=max{zZM1,zM2}

Compute SIGE:=CME2/(2-CME2)
GAMMA:=2/(2-CME2)
1 1
Ri=(1-(1-cME?) %)/ (1+(1-CMEZ) %)

Set S:=N
DELSRM:=DELNRM
RHO:=1
Print N,ZM1,ZM2,CME

(N+1) _camma- 6 N 4y (M)

Cumpute u

Print N,UNRM%,STEST,QA,QTF,CME,RHO,GAMMA
Set N:=N+1

Compute uéN):=F*uéN)+c

R

o (N)
UNRM.—uR *DR*“R

PRINT N,UNRM!5
If LEVEL > 2, print u

(N)

45




IV. RS-CG: Reduced System Conjugate Gradient Equations

(1) Residual Vector (non-recursive computation)

1 SR |
uR = FR uB + cR

(n) (n) (n)
58 = FB*uR + cB - uB

(2) Acceleration Parameters

ks *S(n)
b Rl "
v = F*
B~ TR 'R

T (m)
dB(n) = SB *DB*SB

n+l

‘Jl 5 - m =10
Pn+l T

L1/ [1(%‘;—1) (dB(n)/dB(n-l)):] , n>0

nn

1/11- 8% 40_wv ) /d_ )]
B B B B

(3) 1Iteration Vector

(m) (n) =
7153 + ug n=20
u(n+1)_
B - (n) (n) 4 (n-1)
VOR S R RE B
(4) Residual Vector (recursive computation)
& " )
Wt RS
6(n+1) :
B 2 o (n) " (n-1)
[.pn+1 [Yn+1vB b Yn+1)bB e Dn+1)SB

46
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RS-CG_(continued)

(5) Stopping Test

(a) Compute ME which is the square root of the largest eigenvalue

of the symmetric nxn tridiagonal matrix (s+l < i < n)

1/2
[( Py . ) (1 - 1—) ( Pi+1 : ) :]
b bl
¥4-1P5-1Y4Py ! Yy YiPiYi41P541

T
: ) (n) @), ,1/2
(b) STEST = [ v2/(1 Mé’)][dB(n)/(uB #p wu ™) ]
If STEST < p, then exit.

Note: If IM(new) - Méom) lménew) < €, then an acceptable estimate

E
of ME is available and computation 5a is omitted.

acu—

N i A ———




&)
| Compute Residual |

Vector §
(Non-recursively):

) |

Stopping
Test 4 %8
) R

no

2, ™ _ o @
Compute Accelera- R FR )
tion Parameters

(2

N . (A

Compute Iteration Exit
Vector

3)

v
Compute Residual
Vector (Recursive-

ly)  (4) i

N :=N+1

Flow Chart 4: RS-CG Method




e

(START

ONE

TWO
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RS-CG: Reduced System Conjugate Gradient Algorithm

(0),EPSI,ZETA,ITMAX,LEVEL

Input u
Set N:=0
Compute CNRM:=k§*D*kB

If CNRM < EPSI, then go to|[EXIT

If N> ITMAX, then go to|[EXIT
If N<4, then go to

If |CME-CMOLD|/CME < EPSI, then go to[TWO]

(Determine new CME)
Set CMOLD:=CME
If N=0, then set CME:=0
else set CME=square root of the maximum eigenvalue ot the

tridiagonal matrix

i

{[ (RHO -1)/(GAMMA  _,-RHO, ,.GAMMA -RHO, ) %,(1—1/GAMMA1),
: : k
[ (RHO,  ,-1)/(GAMMA -RHO, -GAMMA, A -RHO, ;)] }

i i

(Test for stopping)
T
Compute UNRM:=uéN) *D*uéN)
ik
DELNRM:=6§N) *D*GéN)
If UNRM < CNRM, then set UNRM:=CNRM
1
Compute STEST:=(2-DELNRM/UNRM)1/(l—CMEz)
If STEST < ZETA, then go to EXIT

(N)
- V.= *F *
Compute B FB FR GB

()T
GAMMA :=l/(1-5B *DB*VBDELNRM)

N+1

If N=0, then RH01:=0

else compute RHO DELNRM/ (GAMMA DELSRM-RHON))

:-1/(1-GAMMAN+

N+1 1 N
Set DELSRM:aDELNNM,Cl:-RH0N+1-GAMMAN+1,C2:=RHON+1,C3:=1—RHON+1,
C&:-RH0N+1(1-GAMMAN+1)

Sha s

T

e




RS-CG (continued)

(N)
B

(N)

(N+1) 3
ug +C2 up

Compute: =C1l*§ +C3*‘=ul§N-D

(N+1) _ (N) (N-1)
N CL*g+CA*6 " +C3*5

Print N,UNRM%,STEST,CME,RHO
Set N=N+1

Go to |START

N+1,GAMMAN+1

(N) gy (V)
Compute up F ug +CR

T
UNRM:=u(N) *D*u(N)

Print N,UNRM!i
If LEVEL > 2, then print u
END

(n)
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V. SSOR-SI: Symmetric Successive Qverrelaxation Semi-iterative Equations

(1) Adaptive Parameters

SPECR = S(JL), = 2/(2-SPECR), Op = SPECR/ (2-SPECR)

2]1/2 1/2}

r = {1 - [1-SPECR {1 + [l-SPECR2]

(2) Acceleration Parameters

1/[1 - 05/2] 5 n = s+l

n+l 2
1/[1-(0E/2) pn], n > s+l

(3) Difference Vectors and Residual Vector

v=2¢2 u(n) + k(F) g
W w
A _ o

gO) _ge s @ D
w w

(4) Iteration Vector

LD

o pn+1{y6(n) £ u(n)} LRl pn+1)u(n-1)

(5) Stopping Test
T
dm = 2™ wpra®

1/2 1/2

™,
STEST = [(2-w)/@n(1-ME)(I-SPECR)E)] [d) / (u *Dky ) )

If STEST < ¢, then exit.

P IR LRSS T



SSOR-SI (continued)

()

(7

Computing new S' and M

Changing Parameter Test

/2

QA = [d(n)/d(s) 1"

Qr = 26972/, (@8,

I1f QA > QTF, then change parameters.

E
z = 1™y ea + [a%qr?1/?)/2
X zll(n-S)
o= X+1r/X)/(1l+r)
SPECR , ifn=0
s, =

[SPECR + o(2-SPECR) 1/2, otherwise

@) @, @

Kmﬂ)zigmu>+k@>_gmu)
w w
T, @)
S (A *DXA ) /d(n)
8" = max[SPECR,Sl,Sz}

[(1-5") (1BD) - w(@-a) 1/ [w(e-1-5") ]

=
(]

w
v = B*E)(n), d(n) = 5™ *D*E)(n),

T
{ 6™ “wpirv) /d () if case I

(v DRy fd(m /2 if case I

M = max[ME,MI,Mgl

52
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SSOR-SI (continued)

(8) Computation of B

E = max (W, [E

. + N ]+
1 4 » 5 [ 0 O, 1=1,1

TR W ERE AT |

(9) Computation of w, SPECR = S(%D)

If M < 4B, then

@ = 2/(1+ [1-a1_4B]1/3)

SPECR = (2- amuME) /(2-uME)

else

@ = 2/{1 + [1-4B]11/3)

SPECR = w - 1

W =2V , =g

2
(10) Computing a*

1/2

w* = 2/{1 + [1-48]"%)

(11) Selecting w* Test

105!@!@*-1“

V%
ae Tog (0 (SPECR)) = T» then mew w set to ¥,

(Note: ®(x) = {1 -[1~x]1/2)/{1 +[1-x]1/2},)

(12) Computation of w, SPECR

S(dh); ME
w-1, ME = a/_g

w = w*, SPECR

L}




Compute B
(8)

L

Compute w, S(ﬁu)
(9)

Compute Differencae
Kk Residual Vectorg
(Non-recursively)

(3)

Stopping
Test

ompute Accelera-
tion Parameters
(2)

Compute Iteration
Vector

ii)

N:=N+1

Flow Chart 5a: SSOR-SI Method




()

2 B 21/4 4

no

Compute w*

(10)
:
3
£
yes 7
e
ompute w,S(8 ), &
Land ME (12)
Changing Para-
meters Test
(6) ai=a,

dalb il o o oouiae

Compute New S' ’ME e
(7

Compute Neww,S@%u
9)

Compute Adaptive

A Parameters
j (@N)

L |

S:=

i

Compute Differenc
& Residual Vector
(Non-recursively)

(3)

Flow Chart 5b: SSOR-SI Method
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SSOR-STI: Symmetric Successive Overrelaxation Semi-iterative Algorithm

0
Input u( ),CME,ZETA,F,CASE,ITMAX.LEVEL,EPSI

Set N:=0,S:=0,0MEGCHG:=.TRUE.

Compute BETA:=??§{Wij[?i_l’j+Ni_1’j]+ Sij[Ei,j_1+-Ni,j_ﬂ}
If CME < 4-BETA, then compute 1
0MEGA:=2/(l+(l-2-CME+4'BETA)%)
SPECR:=(2-2+OMEGA+CME-OMEGA) / (2-CME*OMEGA)
else compute
OMEGA:=2/ (1+(1-4-BETA) %)
SPECR:=0MEGA-1
CME:=2-BETA®
OMEGCHG:=. FALSE.
Print N,CME,OMEGA,SPECR 3
Compute CNRM:=k *D*k

If CNRM < EPSI, then go to [EXIT

If N> ITMAX, then go to [EXILT]
(N)

Copy u into v.

(F)

= *
Compute Vv iw v-+kw
JUBY L )
(B)

w

PE L) SRR 0. f

= *
v %w v+k

(Test for stopping)

T N
Compute UNRM:=u(N) *D*u( )

If UNRM < CNRM, then set UNRM:=CNRM
Compute DELNRM:=A(N)*D*A(N)

STEST:= R(Z-OMEGA)/OMEGA)(DELNRM/UNRM)/(1—CME)%/(1-SPECR)ﬂ :
If STEST < ZETA, then go to |EXIT
If N=0, then go to |CHANGE

1f OMECHG=.FALSE., then go to [THREE
IF BETA 21/4, then go to [ONE]




SSOR-SI (continued)

57

Compute OMEGAS:=2/(1+(1-4-8ETA)%
TEMPl:=1log(®(OMEGAS-1))
TEMP2:=1og (4 (SPECR))

)

where 0(X)=(1-(1-X)%)/ (1+(1-x)%).
If TEMP1/TEMP2 < F, then go to [ONE]

Set OMEGA:=0MEGAS 3
SPECR:=0MEGAS-1
OMECHG:=,FALSE.
CMl’£:===2-BETA;E
S:=N

Print N,CME,SPECR,OMEGA

Go to [TWO)
(Test for changing parameters)

Compute QA:=(DELNRM/DELSRM)%, P:=N-S
Qr:=2-rY/2/ (14r%)

If QA2QT", thengo to [CHANGE]
else go to

CHANGE| (Change parameters)

If N=0, then set SIGl:=SPECR
Compute Z:=(1+RY) (QA+(Qa2-q12)%)/2
X:-ZI/P ]
SIGEL:=(X+R/X)/ (1+R)

SIGl:=(SPECR+SIGE1(2-SPECR))/2

Badaiiiy

¥
compute 5162:= AN apx ANYL) /ppy wpy
Set SME=max{SIG1,SIG2,SPECR}

(Determine new CME,OMEGA,SPECR) :
Compute ZM1:=((1-SME)(1+BETA'OMEGAZ)-OMEGA(Z-OMEGA))/(OMEGA(OMEGA-I-SME]

Compute v=B*6(n)

| (" ()T g pa, (1)
; If CASE=.TRUE., then compute ZM2:=(§ "’ *D*v)/(g'"’ #*D*xs ")

b
else compute ZMZ:{}VT*D*V)/(g(“) *D*G(n)ﬂ Y
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SSOR-SI (continued)
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Compute CME:=max{CME,ZM1,ZM2}

Set S:=N

If CME £ 4BETA, then compute
0MEGA:=2/(l+(1-2CME+4BETA)%
SPECR:=(2-2+OMEGA+CME-OMEGA) / (2-CME+OMEGA)

else compute
OMEGA: =2/ (1+(1-4BETA) %)
SPECR:=0MEGA-1
CME:=2-BETA;5
OMEGCHG:=.FALSE.

Print N,CME,OMEGA,SPECR

Compute R:=(1-(1-SPECR)%)/(1+(1—SPECR)%)
SIGE:=SPECR/ (2-SPECR)
GAMMA:=2/(2-SPECR)
RHO:=1

(Special procedure to recompute 6(n) and A(n) since OMEGA has

been changed)

(n)

Copy u into v
Com = (F)
pute v = iwv+kw

ind oo (ad

T
DELSRM: = A (™) xpxa(®)
ol + k(gB)
G(D) = v-u(n)

u ) gamma. 8 (M) 4y (0D

(OMEGA has not been changed)

If N=S+1, then compute RHO:=1/(1-SIGE2/2)
else compute RHO:=1/(1-RHO-SICEZ/4)

Set Cl:=GAMMA-RHO,c2:=RHO,C3:=1-RHO

(N1 1.6 (M aca.y (M ye3. o (K1)

Compute u




SSOR-SI (continued)

Print N,UNRM%,STEST,QA,QTF,CME,RHO,GAMMA
Set N:=N+1

Compute UNRM=u
Print N,UNRMli
If LEVEL >2, print u

[ExD]

CORPN )

(N)
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! VI SSOR-CG: Symmetric Successive Overrelaxation Conjugate Gradient Equatioms

(1) Difference Vector and Residual Vector (mon-recursive computation)

vezu® 4
W w

sl o )

L |

8@ _q v+ k® - @
w w

() Acceleration Parameters

ves® _ 4l
w

T
dm) = &A™ apra®

4 ™7,
Y +1 = (n) / (A D*V)

n
1 y 0= 8tk
Ph+l = Y1
: 1/ [1 - (—-‘—‘—) (d(n)/d(n-l))] , 0> s+l
E YuPa
(3) Iteration Vector
(n) (n) s
Yn+16 +u ’ n = s+l

u(n+1)

(m) (n~1), n > s+l

+ u(n)} . (1'°n+1)u

pn+1{Yn+18

i
:
E
%
?
P

e ————
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SSOR-CG (continued)

(4) Difference Vector and Residual Vector (recursive computation)

A(n) - Yn+1V P o
A
() o (n-1)
P18 VgV + (e, )0 AR S |
v 8® 5 grsth
W
v=4v - 85™y
W w
(n) =
Youp? * (I'Yn+1)5 3 n = s+l
8(n+].) i
(m) (n-1)
pn+1{Yn+1v & (I-Yn+1)6 } + (1-pn+1)5 ; m > s+l

(5) Stopping Test

5
d@ = 2@ apua®

1/2 T 1/2
STEST = [(2-e) /(1) (1-5PECR) D) ] [d @) /(u™ xpwu ™) ]

If STEST < ¢, then exit.

(6) Changing Parameter Test

A

. -1og [® (SPECR) /® (SPECR/S") ]

"

n

A

> -log[®(8") ]

if (%1/K2) < F, then change parameters.
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(7a) Computation of S'

Compute S' which is the largest eigenvalue of the symmetric nxn tri-

diagonal matrix (s+1 < i < n)
1/2 1/2
() - 4 (sn) ]
’ 2
¥3-1P1-1"1Py Yy Y11 Y5 41P541

(7b) Compute new M
My = [(1-5) (1)) - w(@-0))/ [wl-1-5") ]
i
v = B*S(n), d(n) = 5™ spws (W
@
(d o *D*v) /d(n), if case I

7 1/2
L(‘IT*D*V) /d(n)] , if case II

)

f -

i M max{ME,Ml,Ma}
|

% (8)-(12) Same as SSOR-SI




Compute

(2)

(9)

Compute w, S(ﬁw)

o

Vector (Non-
recursively)

Compute Differ-
ence & Residual

(1)

Test

Computer Accelerat
tion Parameters
(2)

Computer Itera-

tion Vector
N «))

Compute Differenc
& Residual Vecto
(Recursively)

(4)

Y

N:=N+1

/Stopping

Flow Chart 6a: SSOR-CG Method




es

Compute S'
(7a)

Jno
e
Combute w"

(L)
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R

Compute w,
] I 2
S( (.U)’ LE(l )

N:=S
¥

Compute Differ-
ence & Residual
Vectors (Non-

recursively) (1)

Flow Chart 6b:

rl-

Compute new ME

(7b)

S8 )
w

Comnhute new, W.

(9

SSOR~CG Method




Compute v = £w*v-kk

Compute UNRM:=u
If UNRM <CNRM, then set UNRM:=CNRM
Compute DELNRM:=A(n)*D*A(n)

SSOR-CG: Symmetric Successive Overrelaxation

Conjugate Gradient Algorithm

(0)

Input u »CME, F,ZETA, CASE, ITMAX,LEVEL EPSI

Set N:=0,S5:=0,0MEGCHG:=.TRUE.

Compute BETA::maX{wij[?i—lj+Ni-]j]+Sij[?1j—1+Nij-1]}

ij
If CME< 4°*BETA, then compute

0MEGA:=2/(1+(1-2-CME+4‘BETA)%)
SPECR:=(2-~2+-OMEGA+CME+-OMEGA) / (2-CME- OMEGA)

else compute

0MEGA:=2/(1+(1—4BETA)%)
SPECR:=0MEGA-1
CME:=2-BETA55
OMEGCHG:=.FALSE.

Print N,CME,OMEGA, SPECR
Compute CNRM:=k *D*k

If CNRM < EPSI, then go to |EXIT

Copy u

(0)

into v.
(F)
w

A S

v k(B)
w

5(0)

U *v +
w

= v-u(o)

If N >ITMAX, then go to |EXIT

(Test for stopping)

()7 gy (M)

STEST:-[ (Z-OMEGA)/(OMEGA)(DELNRM/UNRM)/(l-CME)]%/(l-SPECR)




SSOR-CG (continued)

If STEST < ZETA, then go to [EXIT

If OMEGCHG=.FALSL., then go to |THREE
If N=0, then go to |THREE

Else set SME:=maximum eigenvalue of the tri-diagonal matrix

%
(RTINS SIS RN S e T L

lﬁ Kade £
LRy IO g Py ¥ RV Wt Somie e 5.3

If BETA 2 1/4, then go to [ONE]
Compute 0MEGAS:=2/(1+(1—4-BETA)%)
TEMPl:=1o0og (® (OMEGAS-1)
TEMP2:=10g (®(SPECR))
vhere $(X) = (1-(1-X)'D)/(1+(1-X)'D)
If TEMP1/TEMP2 <F, then go to [ONE]
Set OMEGA:=OMEGAS
SPECR:=OMEGAS-1
OMEGCHG: =. FALSE.
CME:=2-BETA®
S:=N
Print N,CME,SPECR,OMEGA

Go to IIHI

(Test for changing parameters)

If SPEC® > SME, then go to |THREE

Compute

e ®(SPECR)
A Lo SPECR
SME

Az = -log(®(SME))

1f )\1/)\22,1“, then go to |THREE
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SSOR-CG (continued)
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(Determine new CME,OMEGA,SPECR)

Compute ZM1:=((1—SME)(1+BETA'0MEGA2)-OMEGA'(Z—OMEGA))
/ (OMEGA (OMEGA-1-SME))

a(n)

Compute v=B*

(m)"T ()T, s (0)
If CASE=.TRUE., then compute ZM2=(§ *D*V) /(6§ *D*§ )

else compute ZMZ=|:.(VT"°D*V)/(S(H)T*D*S(“))];5
Compute CME:=max{CME, ZM1,zM2}
Set S:=N
If CME < 4+-BETA, then compute
OMEGA:=2.K1+(1—2°CME+4-BETA)%)
SPECR:=(2-2-OMEGA+CME-OMEGA) / (2-CME - OMEGA)
else compute
OMEGA:=2./(L.+(Ll.~4-BETA)?)
SPECR:=0MEGA-1
CME:=2-BETA15
CMEGCHG:=.FALSE.
Print N,CME,OMEGA,SPECR
TWO

5(0)

(Special procedure to recompute and A(n) since OMEGA has been

changed)
(n)

into v
Compute Vv £wV'Fk£F)
A (D) (n)

= V=u
; v 7] v-Fk(B)
A w w

Copy u

$68). o o (a)

T
DELNRM = A <™ spsxp (0)

Copy § (™) into v
Compute v = Z,v
v = 0~y

= DELNRM/ (A

T
*D*v)

(n)
YN+1

If N=S, then 11

PN+1™

else compute

pN+1:=1/(1—YN+1DELNRM/(YNONDELSNM))




SSOR-CG (continued)
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Set DELSNM:=DELNRM,

Cli=oniyYnspe C2:=Py4qs C3:=l-pp.., Ch:

Compute u M1 oc1#5(m) 4oouy (M) g3y (0-1)

=Pn+1 (1= Yyyp)

AFL) oy ayicaxn (M) pcogen (0-1)

v=0-v (= {DS(n))
6(“))

(n)

v=%wv(=6w

s (n+l) (n-1)

=Cl*v+C4*$ *C3*§

Print N,UNRM%

Set N:=N+1

,STEST,CME,OMEGA,SPECR,SME,QN+1,.YN+1

T

Compute UNRM=u(n) *D*u(n)

Print n,UNRM%
(n)

If LEVEL > 2, print u
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Appendix 2

Sample Problem

The current ITPACK routines can best be explained by looking
at the code for a sample problem. In this appendix, the initial
subroutines needed to define Problem (1) with Region (1) are given
for the Compressed Jacobi Conjugate Gradient Method.




CBEST AVAIABE COPY -

Mol oo o

585 M M PREP b EFFFt RRRP
S S A A M MM % P (. S [ R
S [ n M MM v =] | F R +
5SS [ A MM M PREPR ! EEF RRRR
S AAAAQ M M P V. F R &
PR A Sl TR ey ' 8 oW ’
SS5 A A “ M P LLELL EFEFRE R ad

09,401,164 24 J N 77

PrOGRAM CICGTET(INPUTOUTPUT)

REAL GRINX(21) «GRINY (21) «COEF (441 94) s WOMK (1523) sUNKNWN (441)
CrAL RVALDS («)
TITEGER GTYPF (21e2]1) oNIIXFO(44]) « TNYNOIX (44]))
NDATA TPTR/ZALOUTPUT /e [RNR/SI_INPIIT/
COMMON wWQRxSP
C ##4 REGIN: COMMON DECK - ITPACK

COMMON 7/ TTP:CK 7/ NGRPTSeNRNPTS«NRKPTS¢NROPP1 ¢

A CMUF ¢ SMUF « ZF TA GFPSToF o GAMMA ¢ RHD ST GF
R HAL.TeCASF T 9CHANGF o

€ RReDEILNNMGDELSNMoUNDNM e TEST]1 «QA9QTe

) INeTSeITMAX,

(3 I*TReTRNR,

F OVMEGA 3 SPFCTRAYRFTARAR ¢OUEGCHG

LOGICAL HALTCOSE ] 9CHANGE ¢ OMEGCHG
C #s8 END & COMMON DECK - ITPACK
b
C ##®# QFEGIN: COMMON DECK - FLLPACK
COMMON / ANDRY / IPIECFyNROUNDsSNRNDPT
COMMON / CONSTS / IPACKIsIPACKZs JPACKH S INSIDE «HORZ s VERT ¢ROTHe
a CORNERS INTER

COMMON / CONTRL 7/ DE~UG«LEVFL
COMMON / CPDF / CUXXeCUXYsCUYY4CUXesCUYCU
COMMON / FQFORM / WNUMIFQsNUMCOE
COMMON / EQNDEX / NROWeNCOL
COMMON / PROK / DIM2eDIM3ePOISONSLAPLACICONSTC9SELFADsCROSST
A DIRICHINFIIAANOMIXED s AX9BXeAYsRBY9sAZ9RZ e
2 NGRIDX sNGRIDYINGRIDZ o' INIFRVMeHX eHY ¢ HZ o
€ FLLP774RFCTAN

"TITEGER HORZ +VERTsBOTHsCORNER s

A : PIECE ¢BPTYPE«RNEIGHeBGRIN
LOGICAL NIM24DIM39POISONSLAPLACYCONSTCoSELFAD«CROSSTDIRICHY
A NEUMAN«MIXEDsUNTFRMeDFBUGeFELLP779RECTAN
B PTNAY
REAL AX9RXeAYIRBY A2 9RZgHX9HY 9 HZ ¢ CUXX 9 CUXY o CUYY eCHUX9CUY o CUo
A XROUND « YRBOUND « BPARA!
C ##8 END ¢ COMMON DECK - FLLPACK

€

PEAD(IRNDR70) ICASFS
NO 60 TIKLM = 1+ICASES

LR AR A R 2R R R R R R R R R R R R R R R R R R R TR R VR R R R R R R UR RN R R R R R R

INTERFACE )t INITIAL SITUATION

LA AL L XX R R R R R R R R R R R R AR R LR S R PR R R R R LR R R R R R R LR R R OE R

C
C
c
C
C

PESE . SRS X




DO

e 8o T v W W)

[ O o T s T G

SOO0OO

{4 W W o T ap W

o Ml N Bw

10

71
SA“MPLFR =

HEBUG = ,TRUF,

oo . AVAILABLE COPY

NGRNXD = 21 BE

NGRNDYD = 21

AXNCOE = a4

MXNFQ = 441

ITMAX = §00

/ETA = ,000001

FRSI = ,000001

CHUE = 0,0

CASFI = ,FALSF.

F o= o7%

DEFINE PROSLEM ON OUTPUT FILE

WRITF(IPTR«K0)
WRITE(IPTR90) FeCMUEWZFETAWFPSI

LR R-2-2-2-2-F-R-R-B-2 R RE-RR-X-H- L RR-RERER R R R R R R R R R- R R R R R R R R R R R R R RN R R

INTERFACE ?2: DOYAIN PROCFSSING

DR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

CALL REGION(GTYPE «GRINXeNGRDXNeGRIDY ¢ NGROYD)

R R R R R R R R R R R R R R R R R SRR R R R R R R R R TR R R TR R gy
INTERFACE 3: EQUATION GENERATION

PR R R R R R R R R R RE R R R R PR R R R R R R R R R R R R R R R R R R R R R R R R R RIE R R RV R R R

CALL. FIVEPT(GTYFE«GRINXeNGRDXDsGRIDY sNGRDYDeCOEF ¢ MXNCOE o
M XNEQ)

=3

LR B2 -2 R R R XX R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

TMTERFACE 4: FEQUATION INDEXING

R R R R R R R R R R AR R R - R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

CalLL RBORD(NDXEQeMXNEQe INVNHX)

- R-R-X-R-R-R- R RTR-ERERRE- R R R R R R R VR CE R R R R R R R R R R R R R R R R R R R R R R R R

INTERFACE S: EQUATION -OLUTION

CR R -2 R 2R R R R R R R R R R R R R R R R R R R R R R R R R R R R TR R R R R R R R R R R R

CalL INTUNK(GTY-FeGRIDXeNGRNXDsGRTIDY e NGRDYDeMXNFQ ¢

A HINKNWN)

CiLL C.ICG(GTYPEsGRIDXeNGRDXNDeGRINY sNGRDYDeCOEF ¢ MXNCOE ¢ MXNFQ o
A NOXFQaealtINKNWN)

LR R R R R R R RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

IMTERFACE 68 NUTPUT
R R R R R R R R R R R R R R R R R R R R R R R R R PR R R R R R

NO S0 1) = 1«NGRPTS

IX = MOD(TJ=1eNGRIDX) + 1

JY = (IJ=IX)/NGRIDX + 1

GO TO (10¢20430) GTYPF(IXeJY)

CONT INUF

WORKSP (T J) = TRUE(GRINX(IX) «GRINDY (JY))
GN TN 40

i & e e il itiirae. omeatls s PO

e
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CALL BCOND(IDIMMY4GRINX(IX) «GRINDY (JY) «BVALUS)
WORKSP (1)) = BVALUS(4)/RVALUS(])
GO TO an
30 CONTINUE
WORKSP(T.)) = 0.0
40 CONTINUF

WORKSP (TU+NGRPTS) = wWORKSP(TJ) = 'JNKNWN(]J)
S0 CONTINUF
TRUNORM = UTDV(GTYPE «NGRDXDeNGRNDYN s COFF ¢ MXNCOF «MXNEQeNDXEQ
A WORKSP (1) sWORKSP (1) 41 eNGRPTS)
FRRNORY = UTNV(GTYPE ¢NGRDXD «NGRDYND 9 COEF s MXNCOE «+MXNEQWNDXF Qo
A WORKSP (1 +NGRPTS) «WORKSP (1 +NGRPTS) ¢« 1 sNGRPTS)
TRUNORM SQRT (TRUNORM)

FRRNOR: SQRT (ERRNORM)

WRITF (IPTRe100) TRUNORMeFRRNORM

CaLL VOUT(GRIDXsNGRDXNDsGRIDY sNGRDYD s WORKSP (1) sNGRPTS)
A0 CONTINUF
70 FORMAT(15)
R0 FORMAT(1H19////30Xe#THF METHOD RFING USFD: CICG%e/30Xs
#THE ORDERING REING USED: RED-BLACK o
/3INXe#CASE 11 OF THE ADAPTIVE PROCEDURE#*e//30Xs
#80UNDARY VALUFS ARF SET TO: 0,0%#¢/30Xs
SINITIAL SOLUTION IS: 0e0%¢/30X,
#TFST PROYI_EM NO, 2%)
90 FORMAT(///730X«#*STARTING ITERATIVF PARAMETERS ARF:#9/35X,

mMOO TP

A #F =# 93X eF 15 ,8B9/35XeCMUE =%,
R FlSeRe/3SXKeH7FTA =#eF15.8¢/35Xe#ERS] =#4F]15,R)
100 FORMAT (1H]9//30Xe*D TO 1/2 NORM NOF TRUE SOIUTION =%4f15,%¢/30Xs
A #0) TO 172 NQRM OF THF ERROR =%#eE15,8¢//)
ED

SUBROUTINF PDF (XeYsCVALUS)
REAL CVALUS(7)
NATA P1/3,14159265358979/
TWO DIYEMSIONS

VALUES OF EQUATION COFFFICFINTS AT (XeY) IN ORDER:
UXXoUXYaUYYeUUXoUYalUeRPIGHT SIDE

EXY = EX©@(X#*Y)

CVALUS (1) = FEXY

CVALUS (?) = 0,0

CVvALUS(3) = 1,0/EXY
CVALUS(4) = 0,0

CVALUS(5) = 0,0

CVALUS(A) = =1a/(le ¢+ X + Y)
TSX = S (PI#X)

TSY = SIn(PI#®Y)

TCX = CNS(PI#X)

TCY = COS(PI#Y)

FOXY = FXY#FXY
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SAMPLER - 4
TEMP = PI#(X®TSXETCY « 3,8Y#FE2XY#TCXeTSY)

TEMP] = TSX®PTSY#((2,8YRY=-PIsP[)#E2XY = PI#P] =FXY/(]l,4¢X4+Y))
CVALUS(7) = TFEMP+TEMP]

RF TURN
Enn

SUBROUTINE HBCOND(TsXsYeBVALUS)
REAL BVALUS (4)

VALUFS OF BOUNDARY CONDITIONS COEFFICEINTS AT (XeY)
IN THE ORDER:
UsUX92UYeRIGHT SIDF

BVALUS (1)
BVALUS (2)
BVALUS (3)
BVALUS (4)

o oun

1.0
0.0
0.0
TRUFE (XeY)

RE TURN
Faild

FUNCTION sPXUNX (XeY)
INITIAL APPROXIMATION TO UNKNOWN VALUES
APX!'INK = 0,0

RF TURN
EnD

FUMCTION TRUE (XeY)
DATA 21/3,14159265358979/

TRUE SO1L UTION
TRUE = FEXP(X#Y)4SIN(PI#X)#SIN(PI#Y)

RPr TURH
Ern
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Appendix 3
The Subroutine REGION

e e e o i s

REGION is a subroutine which superimposes a grid of size h
on a region defined by closed contours. This routine constructs
a two-dimensional integer array over the smallest rectangle cir-

cumscribing the possibly irregular region and denotes each grid

point with integer values, namely, +1 for interior points, +2 for
boundary points, +3 for exterior points. To utilize REGION, the
vertices defining the boundary of each contour in the particular
region are specified and ordered so that the interior of the region

always lies on the left. The x and y coordinates of the end-

Y Y T Y W O e L gy v crpr—

points of each consecutive line segment defining a contour are given
as input data. The permissible line segments are those in an
arbitrarily chosen xy-plane which are parallel to the x-axis or the
y-axis or which form a 45° angle with an axis whose endpoints are
grid points for the prescribed h.

While REGION was originally developed several years ago, it
has been modified and improved recently. This recoding has removed
restrictions such as the limits on the number of allowable vertices
and on the number of possible contours. REGION is now coded in
standard Fortran with an improved data structure and with optimized
code where possible. The subroutine REGION is now compatible with
code specifications outlined in the ELLPACK Contributor's Guide [ 5].
Hence, it is being utilized at UT Austin as an ELLPACK module to
perform domain processing. While REGION is somewhat limited with
regard to the types of domains it can process, it does work success-
fully on very complicated regions with a number of "holes" in them--
all defined with horizontal, vertical, and 45° line segments.

As an illustrative example of the use of subroutine REGION, . &

consider the two-contour region (4). 5




- fOoOO0OUuIN

(-l 2)
.2, .2)

(0,0) l:

(1,0)

The contours are defined by the labeled endpoints of each line

segment.

the number of contours,

the number of vertices for a contour

The input data is read using format 16I5 and consists of

followedby the coordinates of the vertices from their rational form,

i.e., x1 x2 yl y2 designate vertex (x1/x2,yl/y2).

data is the grid spacing h 1in rational form. For example,

The final input

if

h=1/20 is specified, then the input data would be as follows.

10
10

10
2n

10

10

The printed output from REGION and the structure of the integer

array GTYPE for this input data is as follows.

10 10
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2] EX- -2 222 R 8-2

20 “caooo-oo.*
19 *ooooooooo“
l“ “ooooooooo*
l7 “ooo.o.oca“
16 “oooooootoq
15 qocl.co.lc#
14 *oooool.oo*
13 ooooo.ou-o“
12 oooooooooo#
ll “ooo-cooocu
lo “ccoooooooo*
9 oo.l”’““oao*
a #eoet® Hoeoet
7 Q...“ ﬁ.....ﬁ
o} oaet Hoooseet
o “ooo’“““”oooo.oo“
G #egos00000000000set
} ‘h.................“
& L P R R R L L
1 T X-X-R-X-R-R-R-R-R-E-ERCR-R-R R R

REGION Printed Output

The printed output from REGION

follows.

n
—

20

Pt et et et gt pd ot et bt
—NWwH NP~V O

P
—“NWHFN PN LD

76

222222227223333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111123333333333
211111111112333333333
211122222111233333333
211123332111123333333
211123332111112333333
211123332111111233333
211122222111111123333
211111111111111112333
211111111111111111233
211111111111111111123
2222222227222222222?2

Integer Array GTYPE

for the other five test regions
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(6) H = 17 40
37 E-E-X-R- R R E-X-X-E- 234
36 “ooooo-ooooo*
35 *Qoooo.ooooo“
3“ *ooooc.oo.oo&
33 %ooooooocooo#
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i 5 “ooooo.ou
4 Heooool
3 “ooo“
; z L
4 1 &

For completeness, we now give the listing of subroutine REGION.
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_ 79
RFGION = 1
[ RRRR EEEEE 6GGG 111 000 N N
,‘ B 6 1 0O 0 NN N
g R R E G I 0 00 NNN
=‘ RRRR EEE 6 GG I 000 N NN
R R 3 6 G I 00 0 N N
R R 3 G G I 0 0 N N
R R FEFEE 6GGG 111 000 N N

11.42.52 07 JUN 77

SURROUTINE REGION (GTYPEsGRIDXsNGRDXDsGRIDY sNGRDYD)

FUNCTION : SUPERIMPOSES A MESH OF SIZE HX=HY=zHl/H2 ON A REGION
DEFINED RY CLOSED CONTOURS AND CONSTRUCTS AN INTEGER _
ARRAY WHICH DESCRIBES EACH MESH POINT ON THE SMALLEST :
RECTANGLE CIRCUMSCRIBING THE POSSIBLY IRREGULAR REGION |
AS AN INTERIOR POINT (+1)s AN BOUNDARY POINT (+2)s OR -
AN EXTERIOR POINT (+3),

USAGE : CALL REGION (GTYPEsGRIDXsNGRDXD9GRIDYsNGRDYD) ;

PARAMETERS :

GTYPE - GTYPE IS AN NGRDXD BY NGRDYD INTEGER ARRAY USED TO
INDICATE THE TYPE OF POINT ON THE GRID. THE NUMBERS
ly 20 OR 3 INDICATE RESPECTIVELY INTERIORe BOUNDARY,
OR EXTERIOR POINTS OF THE GRID.

NGRDXD

NGRDXD IS THE ROW DIMENSION OF THE ARRAY GTYPE AS
SPECIFIED IN THE CALLING PROGRAM,

NGRDYD NGRDYD IS THE COLUMN DIMENSION OF THE ARRAY GTYPE

SPECIFIED IN THE CALLING PROGRAM,

GRIDX

GRIDX IS AN ARRAY OF LENGTH NGRDXD DIMENSIONED IN THE :
CALLING PROGRAM, UPON LEAVING REGION IT CONTAINS THE g
X COORDINATES OF THE MESH LINES STARTING IN THE ]
LOWER LEFT HAND CORNER.

GRIDY

GRIDY IS AN ARRAY OF LENGTH NGROYD DIMENSIONED IN THE
CALL ING PROGRAM, UPON LEAVING REGION IT CONTAINS THE
Y COORDINATES OF THE MESH LINES STARTING IN THE

LOWER LEFT HAND CORNER.

OTHER PARAMETERS PASSED IN LABELED COMMON ARE:
LEVEL NO PRINTING FROM REGION

THE INPUT DATA ONLY IS PRINTED.

THE GRAPH OF THE REGION ONLY IS PRINTED.
PRINT BOTH INPUT DATA AND GRAPH OF RFGION

nauun
W V= D

DEBUG IS A LOGICAL DEBUGGING PARAMETER. IF TRUE THEN LEVEL
1S RESET 70O 3. [IF FALSE NO ACTION IS TAKEN.

BEST AVAILABLE COPY
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NGRIDX IS THE NUMBER OF MESH POINTS IN THE X-DIRECTION OF THE
CIRCUMSCRIBED RECTANGLE. THIS IS COMPUTED IN REGION,

NGRIDY IS THE NUMBER OF MESH POINTS IN THE Y-DIRECTION OF THE
CIRCUMSCRIBED RECTANGLE. THIS IS COMPUTED IN REGION.

NGRPTS IS THE NUMBER OF TOTAL MESH POINTS OF THE CIRCUMSCRIBED -
RECTANGLE. THIS IS COMPUTED IN REGION.

HXsHY ARE THE MESH SIZE FOR THE GRID., REGION READS H1 AND
H2 FROM DATA AND COMPUTES HX=HY=Hl/H2. HX AND HY ARE
THEN RETURNED TO THE CALLING PROGRAM,

AX9yBX ARE THE MINIMUM AND MAXIMUM VALUES OF THE X COORDINATE.
REGION COMPUTES THESE AND RETURNS THEM IN LABELED COMMON.

AYsBY ARE THE MINIMUM AND MAXIMUM VALUES OF THE Y COORDINATE.
REGION COMPUTES THESE AND RETURNS THEM IN LABELED COMMON.

PARAMETERS USING BLANK COMMON ARE:

L IS DESCRIBED RELOW

OTHER PARAMETERS @

HlsH2 ARE PARAMETERS INDICATING THE UNIFORM MESH SIZE
IN RATIONAL FORM. THESE AS WELL AS L ARE READ IN AS
DATA AND ARE DESCRIBED FURTHER BELOW.

THE DEFINITION OF THE REGION IS AS FOLLOWS:

KN = NUMBER OF CONTOURS IN THE REGION.

L(S¢K) = NUMBER OF VERTICES ON THE K=-=TH CONTOUR =-- 3 OR MORE
L(1sI)/L(2+s1) = THE X COORDINATE OF THE I-TH VERTEX.,
L(3s1)/L(491) = THE Y COORDINATE OF THE I-TH VERTEX,

H1/H2 = THE MFSH SIZE TO BE CONSIDERED.

NOTES: (1) THE ARRAY L USES BLANK COMMON FURNISHED IN THE
CALLING PROGRAM
{2) THE INPUT DATA FOR THE VERTICES MUST BE ORDERED SO
THE INTERIOR OF THE REGION ALWAYS LIES TO THE LEFT
(3) REQUIRED SUBRQUTINES -~ RTREGsIABS+MODS

WRITTEN OR MODIFIED BY DATE

ROGER G, GRIMES AND DAVID R. KINCAID JUNE 1977
ROGER G, GRIMES AND DAVID R. KINCAID FEBRUARY 1977
JAMES DO, SULLIVAN AND DAVID R. KINCAID FEBRUARY 1976

ALKIS J., MOURADOGLOU AND JOHN H. DAUWALDER APRIL 1967

CENTER FOR NUMERICAL ANALYSIS/COMPUTATION CENTER
UMIVERSITY OF TEXAS AT AUSTIN
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22 ]
#40

-2 2
-2 2 J

OOOOOOO

Ceas

10

Ceoe
Coee

20
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(1)

(2)

(3)

KINCAIDsDAVID R, AND ROGER G, GRIMES, ###s# CNA REPORT ¢eeo

ALKIS Jo MOURADOGLOU AND JOHN H, DAUWALDERs =REGION
SPECIFICATION ROUTINEZs V2 UTEX REGIONs UTV2-01-CC026, 1
COMPUTATION CENTERs UT=AUSTINes APRIL 1967, ]

A, J. MOURADOGLOUs =NUMERICAL STUDIES ON THE CONVERGENCE
OF THE PEACEMAN-RACHFORD ALTERNATING DIRECTION IMPLICIT
METHOD=s TNN=679 COMPUTATION CENTERs UT=AUSTINe JUNE 1967,

REAL GRIDX(NGRDXD) ¢GRIDY (NGRODYD)
INTEGER GTYPE (NGRDXDsNGRDYD)
INTEGER R¢SsRS19SSAVEsSETsPeQeFLAGeH] 9sH2

COMMON

BEGIN:
END @

BEGIN:
END :

NUMSER (1) =2
NUMBER (2) =1
NUMBER (3) =3
LETTER (1) =1H#
LETTER(2) =1H,
LETTER(3)=1H
MP1=NGRDXN~-1
MQ1=NGRDYD~-1
READ (IRDR+610) KN
READ (IRDRs610) KCOIl ,
L(Ss1)=KCO1
READ (IRDR9610) (L(1sJ)sL(2+J) 9L (39J)sL (49J)9sJ=1sKCO1)
IF (KNJLE.1) GO TO 20
NO 10 K=2KN

READ (IRDR9610) L(SeK)

KC02=KCO1+1 ,

KCO1=KCO1+L (5¢K) w

IT IS ASSUMED THAT L(SeK) > 0 FOR K=1929ese9KN AND THAT KN > 0,
READ (IRDR9610) (L(1leJ) oL (2eJ)9L(30J)sL (49J)9J=KCO2+KCOI1) i

THE READING OF THE COORDINATES OF THE VERTICES IS WITH 1615 FORMAT

LETTER(3) sNUMBER (3) oL (S 1)

COMMON DECK = ITPACK i
COMMON DECK =- ITPACK t
COMMON DECK = ELLPACK

COMMON DECK = ELLPACK

LeleId oL (29D oL (39T) oL (GoT) ol (loTol)ol(20T¢1)ol(30l¢1l)00ee g
f

READ (IRDR«610) HleH2

xJ2=0

If (DEBUG) LEVEL=3
[F (MOD(LFEVEL+2).EQ.0) GO TO 40

PR INT INPUT DATA
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40

50

w N -

60

Caop
Cuaow
Cuasn
(o2-2 2.4
Consp
Cuoasn

Coas
Cooe
Conn
Coos

& e b ad
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WRITF (IPTR,+620)

KJ2=0
NO 30 K=1.KN
KJl=KJ2+1

KJ2=KJ2+L (S5+K)

WRITF (IPTR+630) K

WRITF (IPTR+640)

WRITE (IPTR9660) (L(1sI)slL(201)91=KJlsKJI2)
WRITF (IPTR+650)

WRITE (IPTRe660) (L(3sI)el (4eI)oI=KJleKJI2)
KJ2=0
DO 60 I=1.KN
KJl=KJ2+2
KJ2=KJ2+L (54 1)
IF (KJ1eGTKJ2) STOP 1
DO S0 KS=KJlKJ2
KS1=KS=-]
IF (L(1eKS)H#L (2eKS]1) eFQoelL (2eKS)#L (19KS]1)eOR L (3¢KS)#L (49KS])
eFQeL (4oKS)#L (39KS1) ORGIABS((L (19KS)#L (2eKS1)=L (1eKS1)#L (24
KS))RL(49KS)®L (49KS])) eEQeIABS(L(29KS)#L (29KS1)® (L (39KS)*®L (&
sKS1)=L(3sKS1)#L(49KS)))) ~0 TO SO
WRITE (IPTRes670) KSsI
STOP 2
CONTINUE
KJl=KJl=-1
N0 60 J=]1+KN
IF (L(1oKJL)I#L(20KJ2) eEQebL (19KJI2)#L (29KJI]1) sORGL (39KJL) #L (49KJI2)
eEQelL (39KJU2)#L (49KJL) eORLIABS ((L(1loKJL)®L (2eKJ2)=L(19KJU2)#L (24K
J1) ) #L (SoKILIBL (4 sKI2) ) EQeIABS (L (2eKJIL) B (2eKJ2)® (L (3sKJI))®L (&
oKJ2)=L (3sKJ2) %L (4eKJ1)))) GO TO 60
WRITF (IPTRe670) KJlsJ
STOP 3
CONT INUE
PICK THE MAX AND MIN OF THE COORDINATES OF THE VERTICES OF

ALL CONTOURS.

MINX1/MINX2 = MIN OF X COORDINATES
MINYI/MINY2 = MIN OF Y COORDINATES
MAXX1/MAXX2 = MAX OF X COORDINATES
MAXY1/MAXYZ2 = MAX OF Y COORDINATES

MAXX1=L(1s1)
MINX1=MAXX1
MAXX2=L (291)
MINX2=MAXX2
MAXY1=L(3,1)
MINY1=MAXY]
MAXY2=L (441)
MINYZ2=MAXYZ2

MINX1 = MAXX1 = X (1 4 1)
MINX2 = MAXXZ2 = X (2 + 1)
MINYL =2 MAXYL = X ( 3 o 1 )
MINY2 = MAXYZ2 = X ( 4 + 1)

IF (RCOl.LEs]1) STOP 64
00 100 1=2+KCO1

e i A s . 2 RCRS LS IRy
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RFGION - 5

IF (MAXX1®#L (2+¢]) eGE.MAXX2#L (14])) GO TO 70
MAXX1=L (1e1)
MAXX2=1.(2¢1)

GO TO B0
70 IF (MINXI®#L(291) LEMINX2#L (14]1)) GO TO 80
» MINX1={ (1s])
5 MINX2=L (241)
80 IF (MAXY1®L (491) GE«MAXY2#L (34,1)) GO TO 90

MAXY1=L(3s1)
MAXY2=L (44])
GO TO 100
90 IF (MINY1#L(491) LF.MINY2#L(3,1)) GO TO 100
MINY1=LL(3,41)
MINY2=L (44])
100 CONTINUE
IF (H2® (MAXX1#MINX2=-MAXX2#MINX1) (LE.MP1®#H]1#MINX2#MAXX2) GO TO 110
WRITF (IPTR,680)
STOP 5
110 IF (H2# (MAXY1#MINY2~MAXY2¥MINY]l) ,LE MQI®HI#*MINY2#MAXY2) GO TO 120
WRITE (IPTR«690)
STOP 4/

Cee# CHECK THAT ALL BOUNDARY POINTS ARE INTEGRAL MULTIPLES OF H
120 DO 150 1=1,KCO1
Ceas AT THIS POINT KCOl = THE TOTAL NUMBER OF VERTICES.

] MM=H2% (L (14 1) ®MINX2-L (24 1) #MINX1)
¢ NN=H1#MINX2#( (29 1)
1 KK=MM /NN
IF (KK®NN.FQ.MM) GO TO 140
130  WRITF (IPTR,700)
STOP 7
140 L(1s7)=KK
MM=H2® (L (34 1) ®MINY2-L (44 1) ®MINY1)
NN=H1#MINY2#L (491)
KK=MM /NN
IF (KK#NNJNEJMM) GO TO 130
L(241)=KK
150 CONTINUE

Cees#  DETERMINE NGRIDX AND NGRIDY,

NGRXM1=L (191)

NGRYMI=L (291)

IF (KCO1.,LT.2) STOP 10

DO 170 1=2+KCO1
j IF (NGRXM1,.,GT.L(1sI)) GO TO 160
2 NGRXM1=L (141)
. 160 IF (NGRYM1.GT.L(2sI)) GO TO 170

NGRYM1=L (241)
170 CONTINUE
NGRIDX=NGRXM] +1
NGRXP1=NGRIDX+1

| i REST AVAILABLE COPY
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Cans

180

Cons
Coa#

190

200

210

220

230

240

250

260

270
280

290

BEST AVAILABLE COPY ~ svoron - -

SET THE ARRAY =ZGTYPEZ TO ZERO.

DO 1R0 J=1sNGRIOY
DO 1RO 1=1sNGRIDX
GTYPE(I+J)=0 -

DEFINE THE BOUNDARY POINTS WHICH ARE NOT VERTICES .
IN THE ARRAY GTYPE

KJ2=0
NO 480 K=1sKN

no

i et LB L

KJl=KJ2+1

KJ2=KJ2+L (SsK)

480 J=KJl+KJ2

IF (JJNE.KJ1) GO TO 190
IPP=1+L(1sKJ2)

TAP=1+L (24K J2)

G0 TO 200

IPP=1+L(1eJ-1)
1QP=] L (294J=-1)

IP=1+L(14J)

I1Q=1+L (20 J)

IF (JUJNE.KJ2) GO TO 210
IPN=1+L (1eKJI1)

IQN=1+L (24KJ1)

50 TO 220

TPN=]+L(1eJ+l)

TON=]1+L (24J+1)

CALL RTREG (IPPIQPsIP»I0sR)
CALL RTREG (IPNsIQNsIP4IQsS)
IF (GTYPE(IP+IQ) ,£Qe0) GO TO 230
WRITF (IPTRe710) JsK

STOP 11

MODR=MOD (R+448)

MODS=MOD (S+4+8)

IF (R.LE.S) GO TO 250

IF (MONDR.LF.MODS) GO TO 240
GTYPE(IPsIQ)=+1

G0 To 280

GTYPE(IPs1Q)=+10

G0 TO 280

IF (R,NE.S) GO TO 260

WRITF (IPTR4720) JsK

STOP 12

IF (MODR.LT.MONS) GO TO 270
GTYPF (IPs1IQ)=~1

GO TO 280

GTYPF (IPs1IQ)==10

IF (JJNE.KJ1) GO TO 290
RS1=R

SSAVF =S

GO TO 480

IF (TARS(IPP=IP) LE«]1«AND.IABS(IQP=1IQ) LE,1) GO TO 470
MODR=MOD (R+448)

MODS=MOD (SSAVE +4,8)

IF (RJLELSSAVE) GO TO 300




IF (MODR.GT.MODS) SET=+1
GO TO 310 |
300 SET==10 :
IF (MODR.GT.MODS) SET=-1
> 310 IPM1=1ABS(IPP=IP)~-1
. IQMI=TABS (IQP=-1Q) -1
IF (IPP.GE.IP) GO TO 370
iy IF (IQP.GF.IQ) GO TO 330
DO 320 N=1,1IPM]
320 GTYPF (IPP+NsIQP+N)=SET
GO0 TO 470
330 IF (IQP.NE.IQ) GO TO 350
NO 340 N=1.1PM]
340 GTYPE(IPP+N+IQ)=SET
GO TO 470
350 DO 360 N=1,]1PM1
360 GTYPE (IPP+Ns IQP=-N)=SET
GO TO 470
370 IF (IPP.NF.IP) GO TO 410
IF (IQP.GF.IQ) GO TO 390
N0 380 N=1s.]10M1
380 GTYPE (IP9IQP+N)=SET
GO TO 470
390 NO 400 N=1,1QM]
400 GTYPF(IPsIQP=N)=SET
GO TO 470
410 IF (IQP.GF.IQ) GO TO 430
DO 420 N=1,1PM]
420 GTYPE(IPP=Ns JQP+N)=SET
GO TO 470
430 IF (IQP.NF.IQ) GO TO 450
DO 440 N=1,IPM]
440 GTYPF (IPP=Nos1Q)=SET
GO TO 470 |4
450 N0 460 N=1,IPM] i3
460 GTYPE (IPP=NsIQP=N)=SET
470 SSAVE=S
IF (JUJNE.KJ2) GO TO 480 '3

s L,

IPP=1P 11
1QP=1Q 3
IP=1PM i
1Q=1QN g
R=RS1 i
J=J+)
€
Ca#s#  THE DO LOOP INDEX J HAS JUST BEEN REDEFINED INSIDE THE LOOP.
(o
; GO TO 290
- 480 CONTINUE
& DO 540 J=1sNGRIDY
¢
Cees#s SET INTERIOR AND EXTERIOR POINTS SCANNING LEFT TO RIGHT,
C
FLAG=0
SET=13

i
!
!
!

DO S10 I=14NGRIDX




BEST AVAILABLE CCPY ...

IF (GTYPE(Ie+J).EQ,0) GO TO 490
FlL.AG=1]
GO TO S10
490 IF (FLAG.EQ.0) GO TO S00
FLLAG=0
SFT=2
IF (GTYPE(I=19J)eGE.O0) SET=3 4
s00 GTYPE(I+J)=SET .

510 CONT INUE
C
E Cee® CHECK CONSISTENCY OF CONTOUR ORIENTATIONS SCANNING RIGHT TO LEFT.
C
ﬁ FLAG=0
4 SFT=3
i NO 5S40 K=1sNGRIDX
3 I=NGRXP1 =K
IF (GTYPE(IsJ).EQ.2) GO TO 520
IF (GTYPE(I+J).EQe3) GO TO 520
FLAG=)
GO TO S40
520 IF (FLAG.EQ.0) GO TO 530
FLAG=0
SET=?
IF (IABS(GTYPE(I+19J))eENel) SET=3
530 IF (GTYPE(I+J)+EQ.SET) GO TO 540
WRITF (IPTRs730) Ie4J
STOP 13
5S40 CONTINUF
C
Ceees SET THE VALUES OF THE ARRAY =GTYPEZS,
C
DN S50 J=1sNGRIDY
DO S50 I=1eNGRIDX i
K=GTYPF (I4J)
IF ((KeNEe2) e ANDs (KeNE&3)) K=1
550 GTYPF(I¢J)=LETTER(K})
IF (LEVEL.LT.2) GO TO 570 4
C
C PRINT THE REGION IDENTIFICATION GRID.
c

WRITE (IPTR9620)

WRITE (IPTRe740) HlsH2
ME {AB=NGRIDX

DO S60 K=19NGRIDY

J=NGRYP] =K
S60 WRITE (IPTRs750) Je (GTYPE(IsJ)9sI=1+MAXAB) -
S70 CONTINUE |
DO 580 J=1sNGRIDY .
DO S80 I=1sNGRIDX ~
IF(GTYPE(I9J) sEQ.LETTER(1)) GTYPE(IosJ) = NUMBER(1)
IF(GTYPE(I9J) sEQ.LETTER(2)) GTYPE(IsJ) = NUMBER(2) 1
IF(GTYPE(19J) dEQ.LETTER(3)) GTYPE(IsJ) = NUMBERI(3)

S80 CONTINUE |
NGRPTS=NGRIDX#NGRIDY 3
HX=FLOAT (H1) /FLOAT (H2)

HY =HX
AX=FLOAT(MINX1)/FLOAT(MINX2)




BEST AVAILABLE (OPY  feron -

BX=FLOAT (MAXX1) /FLOAT (MAXX2)
AY=FLOAT(MINY1)/FLOAT(MINY2)
BY=FLOAT (MAXY]1)/FLOAT (MAXY2)
DO S90 ISET=1+NGRIDX
590 GRIDX(ISET)=AX+FLOAT(ISET=1)#HX
. DO 600 ISFT=1,NGRIDY
- 600 GRIDY(ISET)=AY+FLOAT(ISET=1)#HY
RETURN

610 FORMAT (1615)

620 FORMAT (1Hle//77)

630 FORMAT (///2S5Xs13HCONTOUR NO. 9159/)

640 FORMAT (/s1H094X925HX COORDINATES OF VERTICES)

650 FORMAT (/+1HO0+4X925HY COORDINATES OF VERTICES)

660 FORMAT (10XeB(1XeI&olH/91402X))

670 FORMAT (1H2+///910X9s23HTHE COORDINATES OF THE +15+18H TH VERTEX ON
1 THE +15912H TH CONTOUR s/910XsSSHDEFINES WITH THE PREVIOUS VERTEX
2 A SEGMENT WHICH MAKES +/910X968HWITH THE X-AXIS AN ANGLE OTHER TH
3AN N®(PI/4) WHERE N IS AN INTEGER +//)

680 FORMAT (1H2+///910X9s36HTO0 MANY MESH POINTS IN X DIRECTION ¢//)

690 FORMAT (1H29///910X+36HTO0 MANY MESH POINTS IN Y DIRECTION s//)

700 FORMAT (1H29///+10Xs20HH IS NOT ACCEPTABLE +///)

710 FORMAT (1H2¢10Xs4HTHE +15418H TH VERTEX OF THE +15¢24H TH CONTOUR

t 1ALREADY SET 9///)

: 720 FORMAT (1H29+10Xs4HTHE 915918H TH VERTEX OF THE +15924H TH CONTOUR
1GIVES = = S +///)

730 FORMAT (1H2¢///910X+sS6HINCONSISTENT CONTOUR ORIENTATION FOR MESH P

] 10INT WITH P =13+2Xs3HQ =13)

: 740 FORMAT (2S5X931HTHE REGION IDENTIFICATION GRID 9//930Xs22H. ARE INT

1ERIOR POINTS +/930Xs22H* ARE BOUNDARY POINTS 9/¢30Xs28H(BLANK) ARF

2 EXTERIOR POINTS ¢//9¢3SXe&4HH = o14elH/914y/7)

E 750 FORMAT (3Xs1592Xs101A1)

END

SUBROUTINE RTREG (P1sQlsP2+Q29RS)
INTEGER P1+P2+Q19Q29RS

IF (P1=P2) 10450490
Caas# P] < P2,

‘ 10 IF (Ql1=Q2) 20+30+40
3 20 RS=5

; i RF TURN

‘ 30 RS=4

; . RE TURN

p 40 PS5=3

i RE TURN

Cens Pl = P2,

: 50 IF (01=02) 60470480




88
BEST AVA".AB'E C REGION = 10

60 RS=6 < OPY

RETURN
70 WRITE (19TR4130)

STOP 14
RO RS=2

RETURN

Cees Pl > P2, -
C
90 IF (N1-Q2) 100+1104120
100 RS=7
RETURN
110 RS=0
RETURN
120 RS=1
RE TURN

130 FORMAT (1H2910Xs 42H(RTREG) TWO VERTICES HAVE THE SAME P AND Qs//)

EnD
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Addendum to ITPACK Report

A new version of ITPACK (August 1977) has added capabili-

ties to the version covered in this report. These capabilities

are a new solution method, Symmetric SOR Partially Adaptive
(hereafter referred to as SSOR-PA), a constant coefficient switch,
and an adaptive/nonadaptive switch.

SSOR-PA is similar to symmetric SOR Semi-iterative (SSOR-SI)
except it applies the adaptive process only to the spectral
radius, SPECR. To use SSOR-PA a good choice of CME and OMEGA must
be known, a priori.

The constant coefficient switch is a logical, variable
CONSTC. 1If the user wants to solve an Elliptic Partial Differen-
tial Equation with constant coefficients, then CONSTC should be
set to .TRUE. in the main program. This will allow the user to
set MXNCOE=1] and reduce the storage allocation by 3 full vectors.
The array COEF would then contain only the right-hand side of the
equation and the constant coefficients would be saved in a labeled
common block.

The adaptive/non-adaptive switch is the logical variable,
ADAPT. 1If the user already has a good parameter selection and does
not wish to change parameters adaptively, ADAPT should be set to
.FALSE. This switch is available in all solution methods except
SSOR-PA. As SSOR-SI and SSOR-PA are identical in the non-adaptive
case, this option was added only to SSOR-SI as it required less
storage allocation than SSOR-PA.

Another change in the new version of ITPACK is the initial-
ization of scalars, parameters, and switches that are needed in
ITPACK. To interface with the ELLPACK Control Program these
variables could not be initialized in the main program and must

instead be initialized from an input file. The following variables

are still initialized in the main program:

e T —
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NGRDXD CONSTC
NGRDYD DEBUG
MXNCOE LEVEL
MXNEQ

The variables which are initialized from the input file are:

ITMAX F
ZETA CME
EPSI SME -
ADAPT OMEGA
CASEI SPECR

The input file for these variables consists of two lines
and must be added to the end of the input file for the REGION
subprogram (see Appendix 3). The first line is the same for all
solution methods. ITMAX, ZETA, EPSI, ADAPT and CASEI are read in
a 110, 2F10.2, 2L10 format.

The variables on the second line of the input data line
depend on the solution method but all are read in 4F10.2 format.
For J-SI or RS-SI the variables, in the order they appear, are F,
CME, and SME. For SSOR-CG, SSOR-PA, and SSOR-SI the variables are
F, CME, OMEGA, and SPECR. 1In the adaptive case (ADAPT=.TRUE.)
RS-CG and CJ-CG need no second line, while in the non-adaptive
case (ADAPT=.FALSE.) CME is read from the second data line.

A sample of the above for the SSOR-PA solution method follows.

Columns - 10 20 30 40 50
100 .000001 .000001 TRUE FALSE
<75 «95 1.64 0.0

ITPACK would then set:

ITMAX=100 F=.75
ZETA=.000001 CME=.95
EPSI=.000001 OMEGA=1.64
ADAPT=.TRUE. SPECR=0.0

CASEI=.FALSE.
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